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PREFACE 


This Rate Training Manual is one of a series of training manuals 
prepared especially for enlisted personnel of the U.S. Navy and Naval 
Reserve who are preparing for advancement to AQ1 and AQC. 

This Manual of Qualifications for Advancement, NavPers 18068-B 
(Revised), has been used as a guide in the selection of content for this 
training manual. Trainees should become familiar with the qualifications 
for advancement prior to starting work on this manual. 

Of the 17 chapters in this training manual, 16 are concerned with the 
technical aspects of the AQ rating. Chapter 1 contains introductory in¬ 
formation with which the trainee should familiarize himself before study¬ 
ing the other chapters. 

Basic Electricity, NavPers 10086 (current edition), and Basic Elec¬ 
tronics, NavPers 10087 (current edition), contain essential background 
information for the AQ rating. 

This training manual has been prepared by the Navy Training Publi¬ 
cations Center, Millington, Tennessee, for the Bureau of Naval Per¬ 
sonnel. Credit is given to the Naval Air Technical Training Center, 
located at Millington, Tennessee, the Naval Examining Center, Great 
Lakes, Illinois, and to the Naval Air Systems Command, for technical 
reviews. 
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THE UNITED STATES NAVY 


GUARDIAN OF OUR COUNTRY 

The United States Navy is responsible for maintaining control of the sea 
and is a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instant offensive action to win in war. 

It is upon the maintenance of this control that our country's glorious 
future depends; the United States Navy exists to make it so. 


WE SERVE WITH HONOR 

Tradition, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watchwords 
of the present and the future. 

At home or on distant stations we serve with pride, confident in the respect 
of our country, our shipmates, and our families. 

Our responsibilities sober us; our adversities strengthen us. 

Service to God and Country is our special privilege. We serve with honor. 


THE FUTURE OF THE NAVY 

The Navy will always employ new weapons, new techniques, and 
greater power to protect and defend the United States on the sea, under 
the sea, and in the air. 

Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war. 

Mobility, surprise, dispersal, and offensive power are the keynotes of 
the new Navy. The roots of the Navy lie in a strong belief in the 
future, in continued dedication to our tasks, and in reflection on our 
heritage from the past. 

Never have our opportunities and our responsibilities been greater. 
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READING LIST 


USAFI TEXTS 


United States Armed Forces Institute (USAFI) courses for additional 
reading and study are available through your Educational Services 
Officer. * The following courses are recommended: 


D-166 Advanced Algebra 
D-177 Geometry II 
D-188 Trigonometry 
E-291 Physics II 

A-424 Intermediate College Algebra 
C-517 College Physics 
F-544 Personnel Management 


* "Members of the United States Armed Forces Reserve components, 
when on active duty, are eligible to enroll for USAFI courses, services, 
and materials if the orders calling them to active duty specify a period 
of 120 days or more, or if they have been on active duty for a period of 
120 days or more, regardless of the time specified on the active duty 
orders." 


The Bureau of Naval Personnel is indebted to the Mc-Graw-Hill Book 
Company, Incorporated, for permission to reproduce the copyright ma¬ 
terial that appears in chapter 9. 
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CHAPTER 1 

AVIATION FIRE CONTROL TECHNICIAN RATING 


This training manual is designed to aid the 
AQF2 and the AQB2 in preparing for advance¬ 
ment to AQ1 and the AQ1 in preparing for ad¬ 
vancement to AQC. It is based primarily on the 
professional requirements of qualifications for 
AQ1 and AQC, as specified in the Manual of 
Qualifications for Advancement, NavPers 18068 
(Series), through Change No. 4. Therefore, 
subsequent changes in the qualifications may 
not be reflected in the information given in this 
training manual. In preparing for the exami¬ 
nation for advancement, this manual should be 
studied in conjunction with Military Require¬ 
ments for Petty Officers 1 & C, NavPers 10057 
(Series). 

Most of the contents of this training manual 
involves the technical subject matter with which 
the Aviation Fire Control Technician must be¬ 
come proficient. Other areas covered include 
the responsibilities required of the senior AQ’s 
concerning maintenance organization, adminis¬ 
tration, supervision, and procedures. Supply 
is also discussed, but only at a level of famil¬ 
iarization which is necessary for all naval per¬ 
sonnel who are concerned with maintenance. 

ENLISTED RATING STRUCTURE 

The present enlisted rating structure in¬ 
cludes two types of ratings: general ratings 
and service ratings. 

GENERAL RATINGS are designed to pro¬ 
vide paths of advancement and career develop¬ 
ment. A general rating identifies a broad oc¬ 
cupational field of related duties and functions 
requiring similar aptitudes and qualifications. 
General ratings provide the primary means 
used to identify billet requirements and per¬ 
sonnel qualifications. Some general ratings in¬ 
clude service ratings; others do not. Both 
Regular Navy and Naval Reserve personnel may 
hold general ratings. 

Subdivisions of certain general ratings are 
identified as SERVICE RATINGS. These serv¬ 
ice ratings identify areas of specialization 
within the scope of a general rating. Service 
ratings are established in those general ratings 
in which specialization is essential for efficient 
utilization of personnel. Although service 


ratings can exist at any petty officer level, they 
are most common at the P03 and P02 levels. 
Both Regular Navy and Naval Reserve person¬ 
nel may hold service ratings. 

AQ RATING 

AQ1 and AQC are rates within the AQ gen¬ 
eral rating and are included in the Navy Occu¬ 
pational Group IX (Aviation) ratings. 

Where occupational content is related, gen¬ 
eral ratings have been combined at the E-8 and 
E-9 levels to form broader occupational fields. 
In the AQ rating, in order to advance to Senior 
Chief Petty Officer (E-8), Chief Petty Officers 
(E-7) will be required to become conversant 
with the duties and responsibilities of the other 
avionics ratings (AE, AX, and AT). 

At pay grade E-9, the AQ rating loses its 
identity; all of the avionics ratings are com¬ 
pressed into one rating at the E-9 level. The 
AECS, AQCS, ATCS, or AXCS who is selected 
for advancement becomes a Master Chief Avio¬ 
nics Technician (AVCM). Figure 1-1 illustrates 
the paths of advancement from Recruit to 
Master Chief Avionics Technician, Warrant 
Officer, or Limited Duty Officer. 

Shaded areas in figure 1-1 indicate places 
in the enlisted path of advancement where qual¬ 
ified men may advance to Warrant Officer 
(W-l), or selected Commissioned Warrant Of¬ 
ficers (W-2 or W-3) may advance to Limited 
Duty Officer. Personnel in enlisted rates and 
warrant ranks not in the shaded area (fig. 1-1) 
may advance only as indicated by the connecting 
arrows. 

Additional information concerning promo¬ 
tion to Warrant or Commissioned Officer is 
presented later in this chapter. 

The Manual of Qualifications for Advance¬ 
ment, NavPers 18068 (Series) establishes the 
AQ’s responsibility for the maintenance and 
inspection of the weapons system and related 
equipment including armament control radars, 
computers, computing sights, gyroscopes, and 
periscopes. 

In addition, the AQ is responsible for in¬ 
suring that all test equipment is in operating 
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condition, and that any repairs or calibration 
needed is performed in accordance with current 
instructions. 

Assignments available to the AQ's vary 
widely. In addition to the various types of 
maintenance activities to which lower rated 
personnel are assigned (discussed in AQ 3 & 2, 
NavPers 10387), Second Class and above are 
eligible for assignment to instructor duty as 
well as a number of other desirable shore bil¬ 
lets. Most of these billets are under the man¬ 
agement control of BuPers and are directly 
associated with training. Others are associated 
with research, testing, or evaluation. Some of 
the more desirable billets to which the AQ may 
be assigned are described in the following 
paragraphs. 

Instructor duty is available at the Naval Air 
Technical Training Center, Millington, Ten¬ 
nessee, in the following schools: 

1. Avionics Technician Course (Class A). 

2. Aviation Fire Control Technician School 
(Class A). 

3. Advanced First Term Avionics Course 
(Class B). 

4. Avionics Advanced Course (Class B). 

5. Aviation Officers School (Class O). 

In addition to the above listed instructor bil¬ 
lets, the AQ may be assigned to instructor duty 
with a Naval Air Maintenance Training Unit 
(NAMTU). NAMTU's are located at shore sta¬ 
tions on both coasts. Personnel assigned to 
this duty are first sent to Naval Air Mainte¬ 
nance Training Group headquarters at Milling¬ 
ton, Tennessee, for a period of indoctrination 
and instruction. 

Instructor billets are normally filled on a 
voluntary basis. Detailed information concern¬ 
ing assignment to instructor duty is contained 
in the Enlisted Transfer Manual, NavPers 
15909 (Series). 

Chief Aviation Fire Control Technicians are 
also eligible for assignment to duty with the 
Naval Examining Center, Great Lakes, Illinois, 
as Item Writers. CPO's assigned to the Ex¬ 
amining Center assist in the preparation of 
Navy-wide advancement examinations for en¬ 
listed personnel. 

Senior Chief Aviation Fire Control Techni¬ 
cians are eligible for assignment to duty with 
the Navy Training Publications Center (NTPC) 
NAS, Millington, as Technical Writers. CPO’s 
assigned to NTPC assist in the preparation and 
revision of Rate Training Manuals and/or Cor¬ 
respondence Courses for the avionics ratings. 

There are a number of special programs 


and projects to which enlisted personnel may 
be assigned. Some of these involve research; 
others may involve testing or evaluation. An 
example of such an assignment is with the 
Weapons Personnel Research Branch (WPRB), 
NATC, Patuxent River, Maryland. Their mis¬ 
sion is to develop recommended personnel re¬ 
quirements for squadrons operating and main¬ 
taining the latest types of weapons systems. 

For a listing of other special programs and 
projects, reference should be made to the 
Enlisted Transfer Manual. Others are also 
announced from time to time in BuPers Notices. 

Personnel may indicate their desire for as¬ 
signment to a specific program or project by 
indicating it in the "remarks" block of their 
Rotation Data Card. 

As a petty officer, you are already aware of 
the importance of the AQ rating to naval avia¬ 
tion. Pilots and aircrewmen depend upon the 
AQ for the efficient operation of the systems 
for which he is responsible. As improved 
weapons systems are developed, the AQ’s job 
involves new and greater responsibilities; from 
the lowest level up, he must possess greater 
technical skills than ever before. 

When advanced to AQ1 or AQC, even more 
responsibilities are to be yours; in other words, 
you must possess more than technical skills. 
You must assume greater responsibility not 
only for your own work, but also for the work 
of others who serve under you. Briefly, the 
AQ1 or AQC must be a skilled technician, su¬ 
pervisor, inspector, and instructor, as well as 
an accomplished military leader. First class 
and chief petty officers are therefore vitally 
concerned with the Naval Leadership Program. 

As a result of the Naval Leadership Pro¬ 
gram, a considerable amount of material re¬ 
lated to naval leadership for first class and 
chief petty officers is available. Studying this 
material will make you aware of your many 
leadership responsibilities as a first class or 
chief petty officer and will also be of great help 
in developing leadership qualities. It will not 
in itself, however, make you a good leader. 
Leadership principles can be taught, but a good 
leader acquires the quality of leadership only 
through hard work and practice. 

As you study this material concerning lead¬ 
ership traits, keep in mind that probably none 
of our most successful leaders possessed all of 
these traits to a maximum degree, but a weak¬ 
ness in some traits was more than compensated 
for by strength in others. Critical self-evalua¬ 
tion will enable you to realize the traits in 
which you are strong, and to capitalize on them. 
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Figure 1-1.-Path of advancement. 
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At the same time you must constantly strive to 
improve on the traits in which you are weak. 

Your success as a leader will be decided, 
for the most part, by your achievements in in¬ 
spiring others to learn and perform. This is 
best accomplished by personal example. 

Since the AQ rating includes service ratings 
at the AQ3 and AQ2 levels, it is necessary to 
consider the transition from service ratings to 
the general rating. This is important from the 
following two points of view: 

1. Personnel going from a service rating 
to the general rating must broaden the scope of 
their knowledge. For example, an AQF2 cannot 
advance to AQ1 without learning the duties of 
the AQB2. 

2. The AQ1 and the AQC have responsibili¬ 
ties for cross-training personnel seeking ad¬ 
vancement from a service rating to the general 
rating. 

ADVANCEMENT 

By this time, you are probably well aware 
of the personal advantages of advancement- 
higher pay, greater prestige, more interesting 
and challenging work, and the satisfaction of 
getting ahead in your chosen career. By this 
time, also, you have probably discovered that 
one of the most enduring rewards of advance¬ 
ment is the training you acquire in the process 
of preparing for advancement. 

The Navy also profits by your advancement. 
Highly trained personnel are essential to the 
functioning of the Navy. By advancement, you 
increase your value to the Navy in two ways: 
First, you become more valuable as a person 
who can supervise, lead, and train others and 
second, you become more valuable as a tech¬ 
nical specialist and thus make far-reaching 
contributions to the entire Navy. 

Since you are studying for advancement to 
POl or CPO, you are probably already familiar 
with the requirements and procedures for ad¬ 
vancement. However, you may find it helpful 
to read the following sections. The Navy does 
not stand still. Things change all the time, and 
it is possible that some of the requirements 
have changed since the last time you went up 
for advancement. Furthermore, you will be 
responsible for training others for advance¬ 
ment; therefore, you will need to know the re¬ 
quirements in some detail. 

HOW TO QUALIFY FOR ADVANCEMENT 

To qualify for advancement, a person must: 

1. Have a certain amount of time in grade. 


2. Complete the required military and pro¬ 
fessional training manuals. 

3. Demonstrate the ability to perform all 
the PRACTICAL requirements for advancement 
by completing applicable portions of the Record 
of Practical Factors, NavPers 1414/1 (formerly 
NavPers 760). 

4. Be recommended by his commanding 
officer. 

5. Demonstrate his KNOWLEDGE by pass¬ 
ing a written examination on (a) military re¬ 
quirements, and (b) professional qualifications. 

Some of these general requirements may be 
modified in certain ways. Figure 1-2 gives an 
overall view of the requirements for advance¬ 
ment of active duty personnel; figure 1-3 gives 
this information for inactive duty personnel. 

Remember that the requirements for ad¬ 
vancement can change. Check with your edu¬ 
cational services office to be sure that you 
know the most recent requirements. 

When you are training lower rated person¬ 
nel, it is a good idea to point out that advance¬ 
ment is not automatic. Meeting all the require¬ 
ments makes a person ELIGIBLE for advance¬ 
ment. Such factors as the score made on the 
written examination, length of time in service, 
performance marks, and quotas enter into the 
final determination of who will actually be 
advanced. 

HOW TO PREPARE FOR ADVANCEMENT 

Preparation for advancement includes 
studying the qualifications, working on the 
practical factors, studying the required Rate 
Training Manuals, and studying any other ma¬ 
terial that may be specified. To prepare your¬ 
self for advancement or to help others prepare 
for advancement, you will need to be familiar 
with (1) the "Quals" Manual, (2) the Record of 
Practical Factors, NavPers 1414/1, (3) a Nav¬ 
Pers publication called Training Publications 
for Advancement, NavPers 10052 (Series), and 
(4) Rate Training Manuals. The following sec¬ 
tions describe these materials and give some 
information on how to use them to the best 
advantage. 

"Quals" Manual 

The Manual of Qualifications for Advance¬ 
ment, NavPers 18068 (Series), gives the mini¬ 
mum requirements for advancement to each 
rate within each rating. This manual is usually 
called the "Quals" Manual, and the qualifica- 
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ACTIVE DUTY ADVANCEMENT REQUIREMENTS 


REQUIREMENTS * El to E2 E2 to E3 



t E6 to E7 



t E8 to E9 



SCHOOL 


PRACTICAL 

FACTORS 


PERFORMANCE 

TEST 


ENLISTED 

PERFORMANCE 

EVALUATION 


EXAMINATIONS' 


NAVY TRAINING 
COURSE (INCLUD¬ 
ING MILITARY 
REQUIREMENTS) 



As used by CO 
when approving 
advancement. 


Locally 

prepared 

tests. 


Records of Practical Factors, NavPers 1414/1, must be 
completed for E-3 and all PO advancements. 


Specified ratings must complete 
applicable performance tests be¬ 
fore taking examinations. 


Counts toward performance factor credit in ad¬ 
vancement multiple. 




Navy-wide examinations required 
for all PO advancements. 


Required for E-3 and all PO advancements 
unless waived because of school comple¬ 
tion, but need not be repeated if identical 
course has already been completed. See 
NavPers 10052 (current edition). 


Navy-wide, 
selection board. 


Correspondence 
courses and 
recommended 
reading. See 
NavPers 10052 
(current edition). 


AUTHORIZATION 


Commanding 

Officer 


U.S. Naval Examining 
Center 


Bureau of Naval Personnel 


* All advancements require commanding officer’s recommendation. 
t 1 year obligated service required for E-5 and E-6; 2 years for E-6, E-7, E-8 and E-9. 
# Military leadership exam required for E-4 and E-5. 

** For E-2 to E-3, NAVEXAMCEN exams or locally prepared tests may be used. 


Figure 1-2. -Active duty advancement requirements. 
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INACTIVE DUTY ADVANCEMENT REQUIREMENTS 


REQUIREMENTS * 

El to E2 

E2 to E3 

E3 to E4 

E4 to E5 

E5 to E6 

E6 to E7 

E8 

E9 

TOTAL 

TIME 

IN 

GRADE 

4 mos. 

6 mos. 

15 mos. 

18 mos. 

24 mos. 

36 mos. 

36 mos. 

24 mos. 

TOTAL 

TRAINING 

DUTY IN 

GRADE t 

14 days 

14 days 

14 days 

14 days 

28 days 

42 days 

42 days 

28 days 

PERFORMANCE 

TESTS 


Specified ratings must complete applicable 
performance tests before taking exami¬ 
nation. 

DRILL 

PARTICIPATION 

Satisfactory participation as a member of a drill unit. 

PRACTICAL FACTORS 
(INCLUDING MILITARY 
REQUIREMENTS) 

Record of Practical Factors, NavPers 1414/1, must be completed 
for all advancements. 

NAVY TRAINING 

COURSE (INCLUDING 

MILITARY REQUIRE¬ 
MENTS) 

Completion of applicable course or courses must be entered 
in service record. 

EXAMINATION 

Standard 

Exam 

Standard 

Exam 

or 

Rating 

Training. 

Standard Exam 
required for all PO 
Advancements. 

Standard Exam, 
Selection Board. 
Also pass Mil. 
Leadership 

Exam for E-4 

and E-5. 

AUTHORIZATION 

Commanding 

Officer 

U.S. Naval Examining 
Center 

Bureau of Naval 
Personnel 


* Recommendation by commanding officer required for all advancements, 
t Active duty periods may be substituted for training duty. 


Figure 1-3. -Inactive duty advancement requirements. 
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tions are of two general types: (1) military re¬ 
quirements, and (2) professional or technical 
qualifications. Military requirements apply to 
all ratings rather than to any one rating alone. 
Professional qualifications are technical or 
professional requirements that are directly re¬ 
lated to the work of each rating. 

Both the military requirements and the pro¬ 
fessional qualifications are divided into subject 
matter groups. Then, within each subject mat¬ 
ter group, they are divided into PRACTICAL 
FACTORS and KNOWLEDGE FACTORS. 

The qualifications for advancement and a 
bibliography of study materials are available in 
your educational services office. The "Quals" 
Manual is changed more frequently than Rate 
Training Manuals are revised. By the time you 
are studying this training manual, the ’’quals" 
may have been changed. Never trust any set of 
"quals" until you have checked the change num¬ 
ber against an UP-TO-DATE copy of the 
"Qauls" Manual. 

In training others for advancement, em¬ 
phasize these three points about the "quals": 

1. The "quals" are the MINIMUM require¬ 
ments for advancement. Personnel who study 
MORE than the required minimum will have a 
great advantage when they take the written ex¬ 
aminations for advancement. 

2. Each"qual" has a designated rate level- 
chief, first class, second class, or third class. 
You are responsible for meeting all "quals" 
specified for the rate level to which you are 
seeking advancement AND all "quals" specified 
for lower rate levels. 

3. The written examinations for advance¬ 
ment will contain questions relating to the 
practical factors AND to the knowledge factors 
of BOTH the military requirements and the 
professional qualifications. 

Record of Practical Factors 

A special form known as the Record of 
Practical Factors, NavPers 1414/1, is used to 
record the satisfactory performance of the 
practical factors. This form lists all military 
and all professional practical factors. When¬ 
ever a person demonstrates his ability to per¬ 
form a practical factor, appropriate entries 
must be made in the DATE and INITIAL col¬ 
umns. As a POl or CPO, you will often be re¬ 
quired to check the practical factor perform¬ 
ance of lower rated personnel and to report the 
results to your supervising officer. 

As changes are made periodically to the 


"Quals" Manual, new forms of NavPers 1414/1 
are provided when necessary. Extra space is 
allowed on the Record of Practical Factors for 
entering additional practical factors as they are 
published in changes to the "Quals" Manuals. 
The Record of Practical Factors also provides 
space for recording demonstrated proficiency in 
skills which are within the general scope of the 
rate but which are not identified as minimum 
qualifications for advancement. Keep this in 
mind when you are training and supervising 
other personnel. If a person demonstrates pro¬ 
ficiency in some skill which is not listed in the 
"quals" but which is within the general scope of 
the rate, report this fact to the supervising of¬ 
ficer so that an appropriate entry can be made 
in the Record of Practical Factors. 

When you are transferred, the Record of 
Practical Factors should be forwarded with your 
service record to your next duty station. It is 
a good idea to check and be sure that this form 
is actually inserted in your service record be¬ 
fore you are transferred. If the form is not in 
your record, you may be required to start all 
over again and requalify in practical factors 
that have already been checked off. You should 
also take some responsibility for helping lower 
rated personnel keep track of their practical 
factor records when they are transferred. 

A second copy of the Record of Practical 
Factors should be made available to each man 
in pay grades E-3 through E-8 for his personal 
record and guidance. 


NavPers 10052 

Training Publications for Advancement, 
NavPers 10052 (Series) is a very important pub¬ 
lication for anyone preparing for advancement. 
This publication lists required and recom¬ 
mended Rate Training Manuals and other refer¬ 
ence material to be used by personnel working 
for advancement. NavPers 10052 (Series) is 
revised and issued once each year by the Bureau 
of Naval Personnel. Each revised edition is 
identified by a letter following the NavPers 
number. When using this publication, be SURE 
you have the most recent edition. 

The required and recommended references 
are listed by rate level in NavPers 10052 
(Series). It is important to remember that you 
are responsible for all references at lower 
rate levels, as well as those listed for the rate 
to which you are seeking advancement. 

Rate Training Manuals that are marked with 
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an asterisk (*) in NavPers 10052 (Series) are 
MANDATORY at the indicated rate levels. A 
mandatory training manual may be completed 
by (1) passing the appropriate Enlisted Corres¬ 
pondence Course that is based on the mandatory 
training manual, (2) passing locally prepared 
tests based on the information given in the man¬ 
datory training manual; or (3) in some cases, 
successfully completing an appropriate Navy 
school. 

When training personnel for advancement, 
do not overlook the section of NavPers 10052 
(Series) which lists the required and recom¬ 
mended references relating to the military re¬ 
quirements for advancement. All personnel 
must complete the mandatory military require¬ 
ments training manual for the appropriate rate 
level before they can be eligible to advance. 
Also, make sure that personnel working for ad¬ 
vancement study the references which are listed 
as recommended but not mandatory in NavPers 
10052 (Series). It is important to remember 
that ALL references listed in NavPers 10052 
(Series) may be used as source material for the 
written examinations, at the appropriate levels. 


Rate Training Manuals 

There are two general types of Rate Train¬ 
ing Manuals. Manuals (such as this one) are 
prepared for most enlisted rates and ratings, 
giving information that is directly related to the 
professional qualifications for advancement. 
Basic manuals give information that applies to 
more than one rate and rating. 

Rate Training Manuals are revised from 
time to time to bring them up to date. The re- 
cision of a Rate Training Manual is identified 
by a letter following the NavPers number. You 
can tell whether a Rate Training Manual is the 
latest edition by checking the NavPers number 
(and the letter following the number) in the most 
recent edition of List of Training Manuals and 
Correspondence Courses, NavPers 10061 
(Series). 

Rate Training Manuals are designed for the 
special purpose of helping naval personnel pre¬ 
pare for advancement. By this time, you have 
probably developed your own way of studying 
these manuals. Some of the personnel you 
train, however, may need guidance in the use of 
Rate Training Manuals. Although there is no 
single "best" way to study a training manual, 
the following suggestions have proved useful 
for many people: 


1. Study the military requirements and the 
professional qualifications for your rate before 
you study the training manual, and refer to the 
"quals" frequently as you study. Remember, 
you are studying the training manual primarily 
to meet these "quals. " 

2. Before you begin to study any part of the 
training manual intensively, get acquainted with 
the entire manual. Read the preface and the 
table of contents. Check through the index. 
Thumb through the manual without any particu¬ 
lar plan, looking at the illustrations and read¬ 
ing bits here and there as you see things that 
interest you. 

3. Look at the training manual in more de¬ 
tail, to see how it is organized. Look at the 
table of contents again. Then, chapter by chap¬ 
ter, read the introduction, the headings, and 
the subheadings. This will give you a pretty 
clear picture of the scope and content of the 
manual. 

4. When you have a general idea of what is 
in the training manual and how it is organized, 
fill in the details by intensive study. In each 
study period, try to cover a complete unit-it 
may be a chapter, a section of a chapter, or a 
subsection. The amount of material you can 
cover at one time will vary. If you know the 
subject well, or if the material is easy, you can 
cover quite a lot at one time. Difficult or un¬ 
familiar material will require more study time. 

5. In studying each unit, write down ques¬ 
tions as they occur to you. Many people find it 
helpful to make a written outline of the unit as 
they study, or at least to write down the most 
important ideas. 

6. As you study, relate the information in 
the training manual to the knowledge you already 
have. When you read about a process, a skill 
or a situation, ask yourself some questions. 
Does this information tie in with past experi¬ 
ence? Or is this something new and different? 
How does this information relate to the qualifi¬ 
cations for advancement? 

7. When you have finished studying a unit, 
take time out to see what you have learned. 
Look back over your notes and questions. With¬ 
out looking at the training manual, write down 
the main ideas you have learned from studying 
this unit. Do not just quote the manual. If you 
cannot give these ideas in your own words, the 
chances are that you have not really mastered 
the information. 

8. Use Enlisted Correspondence Courses 
whenever you can. The correspondence courses 
are based on Rate Training Manuals or other 
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appropriate texts. As mentioned before, com¬ 
pletion of a mandatory Rate Training Manual 
can be accomplished by passing an Enlisted 
Correspondence Course based on the training 
manual. You will probably find it helpful to take 
other correspondence courses, as well as those 
based on mandatory training manuals. Taking 
a correspondence course helps you to master 
the information given in the training manual, 
and also gives you an idea of how much you have 
learned. 


INCREASED RESPONSIBILITIES 

When you assumed the duties of a P03, you 
began to accept a certain amount of responsibil¬ 
ity for the work of others. With each advance¬ 
ment, you accept an increasing responsibility 
in military matters and in matters relating to 
the professional work of your rate. When you 
advance to POl or CPO, you will find a notice¬ 
able increase in your responsibilities for lead¬ 
ership, supervision, training, working with 
others, and keeping up with new developments. 

As your responsibilities increase, your 
ability to communicate clearly and effectively 
must also increase. The simplest and most 
direct means of communication is a common 
language. The basic requirement for effective 
communication is therefore a knowledge of your 
own language. Use correct language in speak¬ 
ing and in writing. Remember that the basic 
purpose of all communication is understanding. 
To lead, supervise, and train others, you must 
be able to speak and write in such a way that 
others can understand exactly what you mean. 

Leadership and Supervision 

As a POl or CPO, you will be regarded as 
a leader and supervisor. Both officers and en¬ 
listed personnel will expect you to translate the 
general orders given by officers into detailed, 
practical, on-the-job language that can be un¬ 
derstood and followed by relatively inexperi¬ 
enced personnel. In dealing with your juniors, 
it is up to you to see that they perform their 
jobs correctly. At the same time, you must be 
able to explain to officers any important prob¬ 
lems or needs of enlisted personnel. In all 
military and professional matters, your re¬ 
sponsibilities will extend both upward and down¬ 
ward. 

Along with your increased responsibilities, 
you will also have increased authority. Officers 


and petty officers have POSITIONAL author ity- 
that is, their authority over others lies in their 
positions. If your CO is relieved, for example, 
he no longer has the degree of authority over 
you that he had while he was your CO, although 
he still retains the military authority that all 
seniors have over subordinates. As a POl, you 
will have some degree of positional authority; 
as a CPO, you will have even more. When ex¬ 
ercising your authority, remember that it is 
positional-it is the rate you have, rather than 
the person you are, that gives you this author¬ 
ity. 

A Petty Officer conscientiously and proudly 
exercises his authority to carry out the respon¬ 
sibilities he is given. He takes a personal in¬ 
terest in the success of both sides of the chain 
of command . . . authority and responsibility. 
For it is true that the Petty Officer who does 
not seek out and accept responsibility, loses his 
authority and then the responsibility he thinks 
he deserves. He must be sure, by his example 
and by his instruction, that the Petty Officers 
under him also accept responsibility. In short, 
he must be the leader his title-Petty Officer- 
says he is. 

Training 

As a POl or CPO, you will have regular and 
continuing responsibilities for training others. 
Even if you are lucky enough to have a group of 
subordinates who are all highly skilled and well 
trained, you will still find that training is nec¬ 
essary. For example, you will always be re¬ 
sponsible for training lower rated personnel for 
advancement. Also, some of your best workers 
may be transferred; and inexperienced or poorly 
trained personnel may be assigned to you. A 
particular job may call for skills that none of 
your personnel have. These and similar prob¬ 
lems require that you be a training specialist- 
one who can conduct formal and informal train¬ 
ing programs to qualify personnel for advance¬ 
ment, and one who can train individuals and 
groups in the effective execution of assigned 
tasks. 

In using this training manual, study the in¬ 
formation from two points of view. First, what 
do you yourself need to learn from it? And 
second, how would you go about teaching this 
information to others? 

Training goes on all the time. Every time 
a person does a particular piece of work, some 
learning is taking place. As a supervisor and 
as a training expert, one of your biggest jobs 
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is to see that your personnel learn the RIGHT 
things about each job so that they will not form 
bad work habits. An error that is repeated a 
few times is well on its way to becoming a bad 
habit. You will have to learn the difference be¬ 
tween over supervising and not supervising 
enough. No one can do his best work with a su¬ 
pervisor constantly supervising. On the other 
hand, you cannot turn an entire job over to an 
inexperienced person and expect him to do it 
correctly without any help or supervision. 

In training lower rated personnel, empha¬ 
size the importance of learning and using cor¬ 
rect terminology. A command of the technical 
languages of your occupational field enables you 
to receive and convey information accurately 
and to exchange ideas with others. A person 
who does not understand the precise meaning of 
terms used in connection with his work is def¬ 
initely at a disadvantage when he tries to read 
official publications relating to his work. He is 
also at a great disadvantage when he takes the 
examinations for advancement. To train others 
in the correct use of technical terms, you will 
need to be very careful in your own use of 
words. Use correct terminology and insist 
that personnel you are supervising use it too. 

You will find the Record of Practical Fac¬ 
tors, NavPers 1414/1, a useful guide in plan¬ 
ning and carrying out training programs. From 
this record, you can tell which practical fac¬ 
tors have been checked off and which ones have 
not yet been done. Use this information to plan 
a training program that will fit the needs of the 
personnel you are training. 

On-the-job training is usually controlled 
through daily and weekly work assignments. 
When you are working on a tight schedule, you 
will generally want to assign each person to the 
part of the job that you know he can do best. In 
the long run, however, you will gain more by 
assigning personnel to a variety of jobs so that 
each person can acquire broad experience. By 
giving people a chance to do carefully super¬ 
vised work in areas in which they are relatively 
inexperienced, you will increase the range of 
skills of each person and thus improve the flex¬ 
ibility of your working group. 

CROSS TRAINING. -Preparing men in service 
ratings for advancement to the general rating 
is an important part of your training job. As 
noted before, men in a service rating cannot 
advance to the general rating without first qual¬ 
ifying for the duties of all the service ratings 
included in the particular general rating. 


The first step in setting up a program of 
cross-training is to make a careful study of the 
qualifications. Suppose, for instance, that you 
are going to train AQF2 for advancement to 
AQ1. First of all, you know that he will have to 
be trained in all areas indicated by qualifica¬ 
tions for advancement to AQ1. In addition, you 
will have to make sure that he is trained in all 
areas of qualification required for AQB3 and 
AQB2. 

In some cases, of course, third class and 
second class qualifications are common to both 
service ratings. For example, "test, select, 
and replace circuit parts” is a requirement for 
advancement to AQF3 and AQB3; consequently 
you know that AQF2 has already been checked 
out on this qualification. However, the qualifi¬ 
cation ’’perform routine preventive maintenance, 
preliminary troubleshooting, and minor repairs 
on aircraft bomb director radar” is required 
for advancement to AQB3 but is not required 
forAQF3. Therefore, the AQF2 who wants to 
advance must learn to perform these additional 
requirements. 

After you have listed all the AQB3and AQF3 
qualifications that the AQF2 must now learn to 
meet, group these qualifications into logical 
units of work or study. Some of the material 
can be learned by study of the appropriate 
training manual. Other subjects can only be 
learned by practical experience. Whenever 
possible, use regular working situations as 
training situations. When formal training is re¬ 
quired, plan it all out in advance so that you 
will be able to make the best use of the avail¬ 
able time. 

Working with Others 

As you advance to POl or CPO, you will find 
that many of your plans and decisions affect a 
large number of people, some of whom are not 
even in your own occupational field. It becomes 
increasingly important, therefore, for you to 
understand the duties and the responsibilities of 
personnel in other ratings. Every petty officer 
in the Navy is a technical specialist in his own 
field. Learn as much as you can about the work 
of others, and plan your own work so that it 
will fit into the overall mission of the organi¬ 
zation. 

Keeping Up With 
New Developments 

Practically everything in the Navy-policies, 
procedures, publications, equipment systems- 


10 


Digitized by LjOOQle 




Chapter 1-AVIATION FIRE CONTROL TECHNICIAN RATING 


is subject to change and development. As a 
POl or CPO, you must keep yourself informed 
about changes and new developments that affect 
you or your work in any way. 

Some changes will be called directly to your 
attention, but others will be harder to find. Try 
to develop a special kind of alertness for new 
information. When you hear about anything new 
in the Navy, find out whether there is any way 
in which it might affect your work. If so, find 
out more about it. 

SOURCES OF INFORMATION 

As a POl or CPO, you must have an exten¬ 
sive knowledge of the references to consult for 
accurate, authoritative, up-to-date information 
on all subjects related to the military and pro¬ 
fessional requirements for advancement. 

Publications mentioned in this chapter are 
subject to change or revision from time to 
time-some at regular intervals, others as the 
need arises. When using any publication that is 
subject to revision, make sure that you have the 
latest edition. When using any publication that 
is kept current by means of changes, be sure 
you have a copy in which all official changes 
have been made. 

A list of training manuals and publications 
that will be helpful as references and for addi¬ 
tional study in preparing for advancement is in¬ 
cluded in the reading list at the beginning of the 
text. Additional training manuals that are ap¬ 
plicable are available through your educational 
services officer. 

In addition to training manuals and publica¬ 
tions, training films furnish a valuable source 
of supplementary information. Films that may 
be helpful are listed in the U. S. Navy Film 
catalog, NavAir 10-1-777. 


ADVANCEMENT OPPORTUNITIES FOR 
PETTY OFFICERS 

Making chief is not the end of the line as far 
as advancement is concerned. Proficiency pay, 
advancement to Senior (E-8) and Master (E-9) 
Chief, and advancement to Warrant Officer and 
Commissioned Officer are among the opportu¬ 
nities that are available to qualified petty offi¬ 
cers. These special paths of advancement are 
open to personnel who have demonstrated out¬ 
standing professional ability, the highest order 
of leadership and military responsibility, and 
unquestionable moral integrity. 


PROFICIENCY PAY 

The Career Compensation Act of 1949, as 
amended, provides for the award of proficiency 
pay to designated enlisted personnel who pos¬ 
sess special proficiency in a military skill. 
Proficiency pay is given in addition to regular 
pay and allowances and any special or incentive 
pay to which you are entitled. Certain enlisted 
personnel in pay grades E-4 through E-9 are 
eligible for proficiency pay. Proficiency pay 
is allocated by ratings and NEC’s, with most 
awards being given in the ratings and NEC’s 
which are designated as critical. The eligibility 
requirements for proficiency pay are subject to 
change. In general, however, you must be re¬ 
commended by your commanding officer, have 
a certain length of time on continuous active 
duty, and be career designated. 

ADVANCEMENT TO SENIOR 
AND MASTER CHIEF 

Chief petty officers may qualify for the ad¬ 
vanced grades of Senior and Master Chief which 
are now provided in the enlisted pay structure. 
These advanced grades provide for substantial 
increases in pay, together with increased re¬ 
sponsibilities and additional prestige. The re¬ 
quirements for advancement to Senior and Mas¬ 
ter Chief are subject to change but, in general, 
include a certain length of time in grade, a cer¬ 
tain length of time in the naval service, a re¬ 
commendation by the commanding officer, and 
a sufficiently high mark on the Navy-wide ex¬ 
amination. The final selection for Senior and 
Master Chief is made by a regularly convened 
selection board. 

Examination Subjects 

Qualifications for advancement to Senior 
Chief Petty Officer and Master Chief Petty Of¬ 
ficer have been developed and published in the 
Manual of Qualifications for Advancement, 
NavPers 18068 (Series). They officially esta¬ 
blish minimum military and professional qual¬ 
ifications for Senior and Master Petty Chief 
Officers. 

Training Publications for Advancement, 
NavPers 10052 (Series) contains a list of study 
references which may be used to study for both 
military and professional requirements. 

The satisfactory completion of the corres¬ 
pondence course titled Navy Regulations, Nav¬ 
Pers 10740-A, is mandatory for advancement 
to E-8, and the course titled Military Justice in 
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the Navy, NavPers 10993, is required of all 
personnel advancing to E-9. 

ADVANCEMENT TO WARRANT 
AND COMMISSIONED OFFICER 

The Warrant Officer program provides op¬ 
portunity for advancement to warrant rank for 
E-6 and above enlisted personnel. E-6’s, to be 
eligible, must have passed an E-7 rating exam 


prior to selection. 

The LDO program provides a path of ad¬ 
vancement from warrant officer to commis¬ 
sioned officer. LDO's are limited, as are 
warrants, in their duty, to the broad technical 
fields associated with their former rating. 

If interested in becoming a warrant or com¬ 
missioned officer, ask your educational ser¬ 
vices officer for the latest requirements that 
apply to your particular case. 
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CHAPTER 2 


AIRCRAFT MAINTENANCE ORGANIZATION 


In order to maintain increasingly complex 
aircraft in their prime operating condition, 
various aircraft maintenance organizations and 
procedures have been employed throughout the 
Navy. Prior to and during World War II, it 
was a general practice for every operating ac¬ 
tivity to have its own maintenance spaces, 
equipment, and a complement of maintenance 
personnel to accomplish all maintenance except 
overhaul. Due to variance in workload between 
squadrons, some shops were idle at times and 
could have been used by maintenance personnel 
from other squadrons on the same station to 
accomplish their work. 

A combining of talents, efforts, facilities, 
and equipments for the accomplishment of com¬ 
mon tasks was indicated. Through the process 
of evolution, combining of naval aircraft main¬ 
tenance personnel and consolidation of mainte¬ 
nance facilities were effected on a Navy-wide 
basis when the Naval Aircraft Maintenance Pro¬ 
gram (NAMP) was established. 

NAVAL AIRCRAFT MAINTENANCE 
PROGRAM 

The Naval Aircraft Maintenance Program 
was designed to insure maximum utilization of 
manpower, material, and equipment and estab¬ 
lish standard maintenance procedures and 
organizations for the accomplishment of main¬ 
tenance on naval aircraft and associated equip¬ 
ment. The adoption of standard organizations 
and procedures promotes a high degree of uni¬ 
formity among all activities in the methods that 
are used to manage and utilize maintenance 
personnel, material, and facilities. It results 
in a decrease in time required to indoctrinate 
recently assigned personnel. 

The improvement of aircraft readiness is 
of utmost importance; costly, complex weapons 
systems and spares demand maximum command 
attention to the repair of critical items to en¬ 
able aircraft to be ina ready status. It is 
therefore mandatory that all maintenance per¬ 
sonnel have a thorough knowledge of and abide 
by the established procedures. 


LEVELS OF MAINTENANCE 

The task of maintaining naval aircraft in an 
operationally ready condition ranges from a few 
minutes of squadron servicing to months of 
overhaul in a depot level maintenance activity. 
To more efficiently accomplish maintenance on 
military aircraft the present concept is to divide 
the maintenance functions into three distinct 
levels-depot, intermediate, and organizational. 
The determination of what maintenance will be 
performed at each level is governed primarily 
by the availability and distribution of mainte¬ 
nance equipment and facilities. 

Each command and support agency is re¬ 
sponsible for continually reviewing the distri¬ 
bution of equipment and facilities to insure that 
the amount of maintenance performed at the 
lowest levels is consistent with available skills 
and personnel. 

Organizational Maintenance 

Organizational maintenance is the type of 
work performed by the operating squadron or 
unit on a day-to-day basis in support of its own 
operations. Maintenance performed at this 
level includes (1) inspection, (2) servicing, 
(3) handling, (4) "on-aircraft" corrective main¬ 
tenance, including removal and installation of 
parts and components, (5) complying with tech¬ 
nical directives (when prescribed), and (6) the 
necessary recordkeeping and reports peculiar 
to organizational maintenance. 

Organizational maintenance in an operating 
activity is performed by permanently assigned 
personnel who are not responsible for inter¬ 
mediate maintenance. Organizational mainte¬ 
nance at shore stations (on aircraft assigned to 
the station) normally is a function of the Oper¬ 
ations Maintenance Division (OMD). The OMD 
also provides organizational maintenance and 
such other assistance to transiting aircraft as 
may be directed by higher authority. 
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Intermediate Maintenance 

Intermediate maintenance is that type of 
work performed in centrally located facilities 
for the support of operating activities within a 
designated geographical area, at a particular 
base or station, or aboard aviation ships. This 
level maintenance activities perform mainte- 
mance to such units as Station or Ships Air- 
craft Intermediate Maintenance Departments 
(AIMD), Marine Headquarters and Maintenance 
Squadrons, Marine Aircraft Maintenance Squad¬ 
rons, etc. Typical of the work performed at 
this level is shop type repair and test work on 
aircraft components and equipment from the 
supported units. Technical assistance, when 
required, is furnished by personnel of the inter¬ 
mediate maintenance facility to the supported 
operating activities. 

Intermediate maintenance activities are nor¬ 
mally manned by a nucleus of permanently 
assigned personnel and certain designated inter¬ 
mediate maintenance personnel temporarily 
assigned from the on-board tenant squadrons. 
When these squadrons deploy from their home 
stations, their intermediate maintenance per¬ 
sonnel accompany them, and are then tempor¬ 
arily assigned to the AIMD if afloat or at their 
new station. 

Depot Maintenance 

Depot maintenance is that type of work nor¬ 
mally accomplished in an industrial type facility 
(Naval Air Rework Facilities or contractors’ 
plants). This level includes overhaul and major 
repair or modification of aircraft, components, 
and equipments. It also includes the manu¬ 
facture of specified aeronautical parts to be 
stocked as spares and the manufacture of kits 
for the accomplishment of aircraft and equip¬ 
ment modification. Installation of these spare- 
parts kits may be done at this or a specific 
lower level of maintenance. 

Navy Depot maintenance activities are 
manned primarily by civilians. However, some 
military personnel are usually assigned and 
assist with the intermediate and organizational 
type work necessarily connected with the depot 
facility. 

It can be seen from the foregoing that the 
three aircraft maintenance levels or categories 
provide for an orderly separation of the various 
maintenance tasks. The bases for the separation 
are complexity of the task, equipment and space 
requirements, the skill level of assigned per¬ 
sonnel, and the scope of support responsibility. 


FUNCTIONS/RESPONSIBILITIES 

Functions relate only to the maintenance 
level authorized to perform the task and have no 
bearing on the rating or skill required. Some 
levels will require more than one skill or rating 
to accomplish its task. Allowance lists for 
support equipment, tools, and material reflect 
these maintenance level assignments. The 
depth and complexity of the specific function 
will vary with the number and type of aircraft 
involved. 

The Chief of Naval Operations assigns main¬ 
tenance responsibilities to the operating forces, 
and the Naval Air Systems Command assigns 
maintenance responsibilities to the activities 
ashore under its control. Some activities may 
be assigned intermediate level maintenance 
responsibility for an entire logistic area if 
requested by the cognizant controlling custodian. 
Specific activities designated to perform inter¬ 
mediate maintenance are authorized to perform 
higher level maintenance on systems and equip¬ 
ment unique to the assigned mission, and certain 
other organizational level activities are author¬ 
ized to perform selective functions in partial 
intermediate support of their own operations. 

SHORE STATIONS 

Navy activities ashore assigned intermediate 
level maintenance responsibilities establish an 
Aircraft Intermediate Maintenance Department, 
usually referred to as AIMD. Those activities 
with assigned aircraft establish a maintenance 
division within the operations department to 
perform organizational maintenance on assigned 
aircraft and on transit aircraft. Intermediate 
level maintenance activities perform mainte¬ 
nance in support of station aircraft and tenant 
squadrons and units. The intermediate activity 
also provides facilities and equipment for ten¬ 
ants to accomplish organizational maintenance. 
Tenant activities aboard shore stations furnish 
personnel to the intermediate activity for the 
accomplishments of its responsibility, and the 
personnel are used only in the normal spectrum 
of their individual rate or rating. 

All Naval Reserve Training Units (NARTU’s) 
and Naval Air Reserve Maintenance Units 
(NARMU’s)are responsible for intermediate and 
organizational maintenance on their assigned 
aircraft; however, the supporting activity is 
responsible for logistic support. Naval and 
Marine air reserve squadrons are responsible 
for organizational maintenance on their assigned 
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aircraft while on active duty or assigned to a 
fleet unit. During regular scheduled drill pe¬ 
riods, maintenance is performed according to 
the training requirements. 

SHIPS 

For discussion purposes this topic includes 
aircraft carriers and other aviation ships (AV's, 
ARVA’s, and ARVC’s). 

Aircraft Carriers 

The need for establishing an Aircraft Inter¬ 
mediate Maintenance Department was recognized 
by CNO and supported by fleet commanders. 
Therefore, this department was established in 
all aircraft carriers (less the one operating 
withNATRACOM), assigning intermediate main¬ 
tenance responsibilities afloat to the AIMD in¬ 
stead of the Air Wing/Group Commanders. (See 
fig. 2-1.) This action dissolves the V-6 divi¬ 
sion, assigning those functions not directly re¬ 
lated to intermediate maintenance to appropriate 
departments. Squadron maintenance personnel 
will be assigned to the AIMD as previously 
discussed. 


Other Aviation Ships 

These ships are responsible for performance 
of organizational maintenance on assigned air¬ 
craft. If aircraft are operated from the ship, 
intermediate level maintenance facilities are 
provided air groups, squadrons, and units. 
Aircraft repair ships (ARVA/ARVC) are as¬ 
signed intermediate level maintenance respon¬ 
sibility. 

Nonaviation ships operating or tending air¬ 
craft are not assigned maintenance responsi¬ 
bility; however, they provide intermediate and 
organizational maintenance facilities, support 
equipment, and material for embarked units. 

SQUADRONS 

Navy squadrons and units are responsible for 
performing organizational maintenance on as¬ 
signed aircraft, with the exception of VRF 
squadrons. The station supporting activity per¬ 
forms their organizational and intermediate 
maintenance. All squadrons are required to 
provide personnel for temporary assignment to 
the intermediate aircraft maintenance depart¬ 
ment responsible for squadron support. 



notes: 


(1) AND (2) THE AIRCRAFT MAINTENANCE DEPARTMENT OFFICER (AFLOAT), DEPENDENT UPON 
HIS SENIORITY, WILL BE ASSIGNED AS EITHER THE INTERMEDIATE MAINTENANCE OFFICER OR 
MAINTENANCE/MATERIAL CONTROL OFFICER FOR CUSTODY/CONTINUITY PURPOSE UPON DEBARKATION 
OF THE AIR WING 

(3) BRANCH OFFICERS WILL BE TAD FROM AIR WING/GROUP TO THE IMA FOR MANAGEMENT 
RESPONSIBILITIES. 


Figure 2-1.-Intermediate level maintenance activity organization, afloat. 


AT. 1 
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AIRCRAFT MAINTENANCE DEPARTMENT 
ORGANIZATION 

The organization for Aircraft Maintenance 
Departments provide firm lines of authority 
from the maintenance officer to personnel ac¬ 
complishing the work for which the department 
is responsible. The term ’’department” used in 
this training course is used as a general term 
which applies fully to all maintenance activities 
having a department head. In cases of mainte¬ 
nance activities assigned as divisions to other 
departments, the next echelon (division) is used 
in place of department. Branches become sec¬ 
tions, and sections become units. 

Major segments of the department are called 
divisions. Divisions are subdivided into bran¬ 
ches and branches are subdivided into sections 
if necessary. The aircraft maintenance officer 
manages the department and is responsible to 
the commanding officer for the accomplishment 
of the department’s mission. 

The Aircraft Maintenance Department sup¬ 
ports naval operations by the upkeep of assigned 
and supported aircraft and associated support 
equipments to the level and depth of mainte¬ 
nance assigned. Specific functions include the 
following: 

1. Periodic maintenance and routine in¬ 
spection and servicing of aircraft, associated 
support equipment, and aeronautical material 
and components including the necessary disas¬ 
sembly, cleaning, examination, repair, modi¬ 
fication test, inspection, assembly, and pre¬ 
servation. 

2. Special work incompliance with technical 
directives or local instructions. 

3. Correction of discrepancies. 

4. Assurance of high quality of all work. 

5. Maintenance of records and technical 
publications. 

6. Maintenance and custody of tools and 
other organizational equipment. 

7. Training of assigned personnel. 

8. Conduct maintenance and gr ound handling 
safety programs. 

INTERMEDIATE LEVEL ACTIVITY 

The primary purpose of this level mainte¬ 
nance is to support and supplement the work of 
organizational maintenance activities. These 
functions are normally performed in centrally 
located areas for the support of operating air¬ 
craft on a shore station, aboard a ship, or 
within a designated area. 


The responsibility for intermediate level 
maintenance is assigned to station aircraft 
maintenance departments ashore and aircraft 
intermediate maintenance departments afloat 
and encompasses the following: 

1. Repair and test of aircraft components 
requiring shop facilities not available in a lower 
level maintenance activity. 

2. Aircraft changes and modifications. 

3. Reporting and keeping of records. 

Figure 2-2 illustrates an intermediate level 

maintenance activity, including work center 
code numbers. As can be seen in the figure, 
the activity is composed of staff and production 
divisions. 

Maintenance/Mate rial 
Control Officer 

The Maintenance/Material Control Officer is 
directly responsible to the Maintenance Officer 
for the management of the overall productive 
effort of the department. His general respon¬ 
sibilities include but are not limited to the 
following: 

1. Scheduling, coordinating, and monitoring 
the workload of the department. 

2. Maintaining liaison with supported/sup- 
porting activities and the local supply depart¬ 
ment to insure material requirements are ful¬ 
filled in order to keep productive capacity 
compatible with workload requirements. 

3. Coordinating the order, receipt, and de¬ 
livery of material, the administrative screen¬ 
ing, scheduling, and control of processed com¬ 
ponents, and the control and usage of funds pro¬ 
vided the department. 

In discharging the duties of production con¬ 
trol, the Maintenance/Material Control Officer 
will perform the following: 

1. Plan and schedule the workload so as to 
insure maximum utilization of personnel, ma¬ 
terial, and resources. 

2. Coordinate the actions of the production 
divisions to insure prompt movement of com¬ 
ponents through the department. 

3. Assign production control numbers, work 
priorities, due in and due out dates to the var¬ 
ious work centers, and establish maintenance 
control procedures in order to effectively mon¬ 
itor the daily workload requirements. 

4. Maintain technical directive control pro¬ 
cedures for the department. 

5. Review and approve work requests from 
supported activities. 

6. Maintain files of completed maintenance 
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NOTES: (1) WHEN ASSIGNED 


(2) QUALIFICATION WILL BE PERFORMED BY THE TEST EQUIPMENT BRANCH OF THE AVIONICS DIVISION 


Figure 2-2. -Intermediate maintenance activity, ashore. 


AT. 2 


action forms and work requests (6 months). 

7. Maintain the Intermediate Maintenance 
Control Register. 

8. Recommend and control cannibalization 
in accordance with applicable directives. 

9. Submit reports as applicable. 

10. Analyze daily and monthly maintenance 
data reports to ascertain effective utilization of 
personnel resources. 

An assistant to the Maintenance/Material 
Control Officer will discharge the duties of 
material control by performing the following: 

1. Plan, requisition, and expedite materials 
to enable the department to perform its mission 
quickly and effectively. 

2. Pass all requirements for material for 
support of weapons system maintenance to the 
supporting SSC (Supply Support Center), and 
maintain a material control register for these 
items. 

3. Establish delivery-pickup points for all 
material as mutually agreed upon by the Supply 
and Maintenance Officers. Insure that material 
received is expeditiously routed to the appli¬ 
cable work center. 

4. Furnish technical advice and information 


to the supply activity on the identity and quan¬ 
tity of supplies, spare parts, and materials re¬ 
quired for maintenance actions. 

5. Establish procedures to insure the peri¬ 
odic inventory of tools and the adequate account¬ 
ability of material and equipment. 

6. Initiate surveys in the event of loss, 
damage, or destruction of accountable material. 

7. Keep the Maintenance/Material Control 
Officer advised of the overall supply situation 
as it affects the department. 

8. Verify Aircraft on Work Stoppage (AOWS) 
requisitions and prepare necessary reports in 
accordance with chapter IV of the 3-M Manual. 

9. Perform cost and allotment record ac¬ 
counting, charting, and budgeting of costs ap- 
licable to the department. 

10. Monitor the operation of toolrooms and 
maintain an updated IMRL (Individual Material 
Readiness List). 

11. Arrange for return of prospective F con¬ 
dition or R/S material and locally repaired RFI 
material to supply. 

12. Operate an administrative-screening 
unit in accordance with chapter IV of the 3-M 
Manual. 

13. Retain material within the department 
that is in AWP status until such time the 
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requisition is filled and continually ascertain 
follow-up status on same. 

Staff Divisions 

Staff divisions are incorporated into the 
framework of aircraft maintenance activities for 
the purpose of providing services and support 
to the production divisions. A discussion of 
some of the more important functions of the 
staff divisions is contained in the following 
paragraphs: 

ANALYSIS DIVISION. -The Analysis Division 
provides qualitative and quantitative analysis 
information to the Maintenance Officer in order 
to enable him to continually review the manage¬ 
ment practices within his organization by ac¬ 
complishing the following functions: 

1. Managing, coordinating, and monitoring 
the MDCS (Maintenance Data Collection System) 
for the department. 

2. Reviewing MDR (Maintenance Data Re¬ 
ports) to discover arid point out workload in¬ 
equities, personnel inequities, and resource 
inequities. 

3. Collecting, reviewing, and delivering 
source documents to data services for pro¬ 
cessing. Picking up complete data reports and 
disseminating throughout the organization. 

4. Maintaining an adequate supply of man¬ 
uals, source documents, registers, etc., on 
hand to insure continuity in the MDCS. 

5. Developing an analytical plan which en¬ 
compasses all maintenance functions to provide 
periodic audits of work center performance. 

6. Developing charts, graphs, and displays 
for command presentations 

7. Maintaining an updated master roster 
for the department. 

8. Coordinating and insuring that 3-M 
training services are provided to assigned 
personnel. 

ADMINISTRATION DIVISION. -The standard 
organization structure for intermediate main¬ 
tenance activities provides an administration 
division. (In activities where organizational is 
the highest level of maintenance performed, the 
organization structure does not provide for a 
separate administration division. In such activ¬ 
ities the functions of the administration division 
are the responsibility of the Assistant Aircraft 
Maintenance Officer.) 


Administration division personnel accom¬ 
plish the following specific functions: 

1. Establish and control a central reporting 
and record keeping system for all maintenance 
reports and correspondence. 

2. Implement all directives concerning dis¬ 
tribution, retention, and disposition of records 
and reports. 

3. Provide clerical and administrative 
services for the department. 

4. Reproduce as necessary and distribute 
incoming messages and other data. 

5. Supervise and coordinate department 
administrative responsibilities with other de¬ 
partments/divisions as required. 

6. Conduct liaison with the Activity’s Ad¬ 
ministration Department regarding department 
personnel matters. 

7. Safeguard and distribute personel mail to 
department personnel, when appropriate. 

8. Make proper distribution of all nontech¬ 
nical information and publications. 

9. Distribute approved locally issued main¬ 
tenance instructions, reports, and studies. 

10. Control classified material (excluding 
technical manuals and letter-type directives) 
required by the department. 

11. Establish and coordinate the department 
training requirements. Obtain necessary school 
quotas to support these requirements. 

12. Determine requirements for and insure 
establishment of proper transportation and com¬ 
munication systems to provide complete support 
of the workload. 

13. Assign spaces to the various divisions 
and establish the responsibility for security and 
cleanliness of such spaces. 

14. Assume responsibility for the cleanli¬ 
ness and security of vacant or unassigned air¬ 
craft maintenance spaces. 

15. Arrange department participation in j oint 
inspections of facilities assigned to tenant ac¬ 
tivities especially incident to the department of 
a tenant activity. 

QUALITY ASSURANCE DIVISION.-The 
Quality Assurance Division provides the depart¬ 
ment head with the quality status of work ac¬ 
complished points up areas that need particular 
attention, and develops more realistic inspec¬ 
tion requirements. Primary functions per¬ 
formed by this division are as follows: 

1. Review all incoming technical publica¬ 
tions and directives affecting the department to 
determine their application to quality assurance. 

2. Prepare or assist in the preparation of 
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maintenance instructions to insure that proper 
direction and emphasis is given to implementing 
quality assurance. 

3. Maintain the master technical library for 
the department, including letter-type technical 
directives and control classified technical publi¬ 
cations for the department. Insure that each 
division/branch receives all publications appli¬ 
cable to its work areas and that these are kept 
current and complete. Where applicable, main¬ 
tain the Reader-Printer and associated equip¬ 
ment for aircraft models supported. 

4. Establish qualification requirements for 
Quality Assurance Representatives and Collat¬ 
eral Duty Inspectors. Review the qualifications 
of personnel nominated for these positions and 
endorse nominations to the Commanding Officer 
via the department head. Maintain a current 
record of all designated inspectors. Periodi¬ 
cally promulgate a list of all designated inspec¬ 
tors by TIMI or command notice. 

5. Obtain and utilize appropriate inspection 
equipment such as lights, mirrors, magnifying 
glasses, dye penetrant kits, pressure gages, 
etc. Insure that productive personnel have such 
equipment available and in use. 

6. Periodically accompany Collateral Duty 
Inspectors on assigned inspections and recheck 
their qualifications. 

7. Insure all work guides, checkoff lists, 
checksheets, maintenance requirement cards, 
etc., used to define or control maintenance 
operations are completed and current prior to 
issuing to crews/individuals. 

8. Review all UR entries, explanations and 
descriptions to insure they are accurate, clear, 
concise and comprehensive prior to mailing. 
Additionally, the technician preparing the UR 
and either the Quality Assurance or Maintenance 
Officer must sign the completed UR. Retain 
file copies of UR's. 

9. Cause to be inspected all equipment re¬ 
ceived for use, returned for repair, or held 
awaiting repair to insure its material condition, 
identification, packaging, preservation, and 
configuration are satisfactory and, when appli¬ 
cable, that shelf life limits are not exceeded. 

10. Perform inspections of maintenance 
equipment and precision measuring equipment 
to insure compliance with calibration and safety 
instructions. 

11. Perform technical inspections of all 
maintenance equipment and facilities. 

12. Provide for the continuous on-the-job 
training of all inspectors in the techniques and 
procedures pertaining to the conduct of in¬ 


spections. 

13. When directed or required, provide tech¬ 
nical taskforces to study trouble areas and sub¬ 
mit recommendations for corrective action. 

14. Maintain adequate records and data on 
discrepancies to enable establishment of trends 
with the specific objective of determining when 
discrepancies in any area are ascending. 

15. Maintain liaison with contractor, NAESU, 
NavAirSysComRep’s, and other available field 
technical services. Establish and maintain liai¬ 
son with other maintenance activities and re¬ 
work points in order to obtain information on 
ways for improving maintenance techniques, 
quality of workmanship and quality assurance 
procedures. 

16. Review maintenance data reports and 
note unnecessary and/or recurring discrepan¬ 
cies requiring special action. 

17. Insure that established standard proce¬ 
dures are observed by production personnel for 
conducting bench check, test, and repair of 
components including engines. Periodically 
check the performance of this work to insure 
the desired quality level is obtained. 

18. Insure the configuration of aircraft com¬ 
ponents and support equipment is such that all 
essential/applicable modifications have been in¬ 
corporated. This necessitates the review of 
appropriate records. 

PRODUCTION DIVISIONS. -The standard or¬ 
ganization for intermediate level maintenance 
activities provides six production divisions. 
These divisions perform maintenance on air¬ 
craft components and equipment for supported 
activities. The responsibilities and functions of 
these divisions are described in the following 
paragraphs. 

Functions of Production Divisions. -Power 
Plants, Airframes, Avionics, Armament Equip¬ 
ment, and Aviator’s Equipment Divisions will: 

1. Perform intermediate level maintenance 
functions for tenant squadrons / detachments/ 
units and station assigned aircraft. 

2. Continuously review the intermediate 
level shop facilities for adequacy and make ne¬ 
cessary recommendations to the Maintenance/ 
Material Control Officer. 

3. Initiate requests to Maintenance/Material 
Control Officer for production control numbers 
and material. 

4. Nominate qualified individuals for desig¬ 
nation as Collateral Duty Inspectors when re¬ 
quired. 

5. Maintain work center registers and mas¬ 
ter rosters. 
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The Support Equipment Division will: 

1. Initiate action to obtain the authorized 
allowance of support equipment, including those 
items which will be subcustodied to tenants. 

2. Nominate qualified individuals for desig¬ 
nation as Collateral Duty Inspectors when re¬ 
quired. 

3. Perform intermediate maintenance on all 
support equipment, including repair of gas tur¬ 
bine powered equipment engines. Avionics sup¬ 
port equipment will be maintained by that divi¬ 
sion. 

4. Administer the program for subcustody 
of support equipment to other divisions of the 
maintenance department, Operations Mainte¬ 
nance Division and tenant activities. Periodi¬ 
cally inspect subcustodied equipment, in con¬ 
junction with organizational activities, to insure 


proper maintenance, operation and use (except 
for avionics support equipment). 

5. Initiate requests to Maintenance/Material 
Control Officer for production control numbers 
and material. 

6. Maintain work center registers and mas¬ 
ter rosters. 

ORGANIZATIONAL LEVEL ACTIVITY 

The responsibility for organizational level 
maintenance is assigned to operating units on a 
day-to-day basis-to support their own opera¬ 
tions. Maintenance performed at this level in¬ 
cludes aircraft servicing, aircraft inspections, 
minor adjustments, removal and replacement 
of defective parts and components, limited air¬ 
craft changes and modifications, recordkeep¬ 
ing and reports. Figure 2-3 illustrates an 



NOTE: 


(1) When responsibilities relative to operation and maintenance of ground support equipment 
are extensive, the Commanding Officer will establish a Ground Support Equipment Branch 
under the Line Division to coordinate and/or carryout organizational maintenance func¬ 
tions on assigned support equipment. 


(2) When assigned. 


Figure 2-3. -Organizational maintenance activity. 


AT. 3 
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organizational level maintenance activity, in¬ 
cluding work center code numbers. 

Maintenance/Material 
Control Officer 

The Maintenance/Material Control Officer 
performs the following functions: 

1. Scheduling, coordinating, and monitoring 
the workload of the department. 

2. Maintaining liaison with the supporting 
activities and the local supply department to 
insure material requirements are fulfilled in 
order to keep productive capacity compatible 
with workload requirements. 

3. Coordinating the ordering, receipt, and 
delivery of material, the administrative screen¬ 
ing, scheduling, and control of processed com¬ 
ponents, and the control and usage of funds pro¬ 
vided the department. 

In discharging the duties of production con¬ 
trol the Maintenance/Material Control Officer 
will: 

1. Plan and schedule the workload so as to 
insure maximum utilization of personnel, ma¬ 
terial, and resources. 

2. Assign job control numbers for each re¬ 
ported discrepancy. 

3. Maintain the organizational maintenance 
control register (3 months). 

4. Maintain an up-to-date status board. 

5. Provide the Operations Department with 
required aircraft status and configuration in¬ 
formation. 

6. Maintain technical directive control pro¬ 
cedures. 

7. Relay discrepancies to work centers with 
complete information as to status, by the fastest 
method, (i.e., telephone, intercommunica¬ 
tions, etc.) 

8. Review and approve work requests to the 
supporting activity. (Maintain completed files.) 

9. Recommend and control cannibalization 
in accordance with applicable directives. 

10. Submit reports as required. 

11. Receive certain completed source doc¬ 
uments from work centers and: 

a. Update aircraft and equipment logs, 
accessory record cards, configuration forms, 
and associated documents. 

b. Forward complete forms to data 
analysis. 

12. Receive complete source documents 
from data analysis after processing and file for 


historical records. 

13. Conduct monthly maintenance meetings 
and publish a monthly maintenance plan. 

14. Schedule all periodic and special inspec¬ 
tions and insure maintenance test flights are 
conducted in accordance with applicable in¬ 
structions. 

In discharging the duties of material control, 
he will perform those applicable functions spec¬ 
ified previously under intermediate level main¬ 
tenance as well as the following: 

1. Prepare documents for mate rial required 
for operational support of weapon systems (i. e., 
material chargeable to BRAVO funds such as 
fuel, oil, and flight clothing, etc.) and material 
carried in SERVMART/JETMART outlets. 

2. Verify NORSAIR (Not Operationally 
Ready Supply Aviation Item Report) requisitions 
and maintain (by BUNO) current NORSAIR sta¬ 
tus records. 

3. Inventory aircraft upon receipt and 
transfer. Insure inventory logs entries are up¬ 
dated, authenticated and corrected. 

Staff Divisions 

The organizational level activity has only 
two staff divisions, having no administration 
division as explained under the intermediate 
level. The analysis division is the same for 
both activities; therefore, it is not discussed 
here. The quality assurance division is the 
same as discussed for the intermediate level 
with the following additions: 

1. Review "yellow sheets", maintenance 
data reports, periodic inspection records and 
note unnecessary and/or recurring discrepan¬ 
cies that may require special action. 

2. Insure that standard established prac¬ 
tices are observed for conducting ground tests, 
preflight, postflight, aru daily inspections. Pe¬ 
riodically accompany Cu.ek crews, plane cap¬ 
tains, or pilots during inspection (minimum, 
once a quarter). 

3. Insure that pilots/crew are briefed prior 
to each test flight so that purpose and objectives 
are clearly understood. 

4. Maintain current the Type Commander 
Maintenance Index Record. 

Production Divisions 

The organizational level activity provides 
three production divisions, which are subdivided 
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into branches. Each of these branches/divi¬ 
sions performs many maintenance tasks in or¬ 
der for the operating - to accomplish its as¬ 
signed mission. 

AIRCRAFT DIVISION. -The Aircraft Divi¬ 
sion is responsible !:•" the accomplishment of 
the following functions: 

1. Supervise, coordinate, and complete pe¬ 
riodic maintenance and inspections. (Check 
crew leaders and such other personnel author¬ 
ized by the Maintenance Officer will be perma¬ 
nently assigned.) Additional personnel required 
to perform periodic maintenance and inspections 
will be made available as required from other 
production divisions. The Maintenance/Mate¬ 
rial Control Officer is responsible for insuring 
that divisions assign qualified personnel for the 
completion of scheduled maintenance and in¬ 
spections. 

2. As directed by the Maintenance Officer 
and in conjunction with other production divi¬ 
sions, perform those applicable organizational 
maintenance functions in those areas relative 
to assigned branches; i. e., Airframes, Power 
Plants and Aviators Equipment. 

3. Continuously advise the Maintenance/Ma¬ 
terial Control Officer of the status of work in 
progress. 

4.. Insure cleanliness of assigned spaces. 

5. Nominate personnel for assignment as 
collateral duty inspectors. 

6. Initiate requests for maintenance ma¬ 
terial. 

7. Assume custody for tools and support 
equipment assigned to the Aircraft Division. 

8. Interpret applicable directives and pre¬ 
pare, in draft form, maintenance instructions 
to implement such directives. 

9. Recommend changes in techniques to 
promote maximum ground safety, safety of 
flight, and operational readiness of aircraft. 

10. Carry out an ^ctive program for FOD 
(foreign object damage' control, as established 
by the Line Division ^ ,cer. 

11. Initiate request to maintenance/material 
control for job control numbers. 

12. Provide troubleshooters and aircrew 
members, as required, and exercise technical 
supervision over such personnel. 

13. Expedite the accomplishment of assigned 
work through the continuous evaluation of meth¬ 
ods and procedures, and incorporate new tech¬ 
niques as appropriate. 

AVIONICS/ARMAMENT DIVISION.-The 
Avionics/Armament Division is responsible for 
the accomplishment of the following functions: 


1. Assign personnel required to accomplish 
scheduled periodic maintenance and inspections 
of assigned aircraft. (The Aircraft Division is 
responsible for the supervision, coordination, 
and completion of periodic maintenance and in¬ 
spections. ) 

2. As directed by the Maintenance Officer 
and in conjunction with other production divi¬ 
sions, perform maintenance functions in those 
areas relative to assigned branches, i.e., 
Electronics, Electrical/Instrument, Armament 
and Reconnaissance/Photographic. 

3. Advise the Maintenance/Material Con¬ 
trol Officer of the status of work in progress. 

4. Insure cleanliness of assigned spaces. 

5. Assume custody and accountability f or 
assigned tools and support equipment. 

6. Initiate requests for maintenance material. 

7. Nominate qualified individuals for assign¬ 
ment as collateral duty inspectors. 

8. Interpret applicable directives and pre¬ 
pare, in draft form, maintenance instructions 
to implement such directives. 

9. Recommend changes in methods and tech¬ 
niques to promote maximum ground safety, saf ety 
of flight, and operational readiness of aircraft. 

10. Initiate requests to maintenance/material 
control for job control numbers. 

11. Provide troubleshooters and aircrew mem¬ 
bers, as required, and exercise technical super¬ 
vision over such personnel. 

12. Expedite the accomplishment of assigned 
work by continuous evaluation of methods and 
procedures and incorporate new techniques. 

LINE DIVISION. - The Line Division is re¬ 
sponsible for the accomplishment of the follow¬ 
ing functions: 

1. Assign personnel, as required, to ac¬ 
complish periodic maintenance and inspections 
of assigned aircraft. (The Aircraft Division is 
responsible for the supervision, coordination, 
and completion of periodic maintenance and in¬ 
spections. ) 

2. As directed by the Maintenance Officer 
and in conjunction with other production divi¬ 
sions, perform those applicable organizational 
maintenance functions in those areas relative 
to assigned branches; i.e., plane captains, 
troubleshooters, and ground support equipment 
(when established). 

3. Coordination and direction of trouble¬ 
shooters. Although troubleshooters will nor¬ 
mally be assigned from other divisions on a 
daily basis, the Maintenance Officer may assign 
personnel permanently to a Troubleshooter 
Branch of the Line Division. A trouble¬ 
shooter should accomplish correction of minor 
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discrepancies. 

4. Initiate requests to maintenance/ma¬ 
terial for job control numbers. 

5. Provide to pilots/aircrews records of 
aircraft discrepancies and corrective actions 
for the preceding 10 flights of the aircraft. 

6. Administer the plane captain program. 

7. Nominate qualified personnel as collat¬ 
eral duty inspectors. 

8. Participate in an active FOD (Foreign 
object damage) prevention program. 

9. Initiate requests for maintenance ma¬ 
terial. 

10. Insure the cleanliness of assigned air¬ 
craft and spaces. 

11. Assume custody and accountability for 
tools and aircraft maintenance support equip¬ 
ment assigned to the division/branch. 

12. Insure the security and proper ground 
handling of aircraft and associated support 
equipment. 

13. Recommend changes in methods and 
techniques to promote maximum ground safety, 
safety of flight, and operational readiness of 
assigned aircraft and associated support equip¬ 
ment. 

NAVY MAINTENANCE AND 

MATERIAL MANAGEMENT (3-M) SYSTEM 

The 3-M system is a program to insure the 
highest state of aircraft readiness and reliabil¬ 
ity at the lowest cost in men, money, and ma¬ 
terial. In accomplishing this, it must insure 
that maintenance personnel, equipment, and 
facilities are utilized to the fullest extent in the 
performance of maintenance and not wasted in 
other functions not requiring highly trained 
maintenance skills nor specialized and expen¬ 
sive maintenance equipment and facilities. 

All aircraft weapon systems must be main¬ 
tained to the maximum extent possible to per¬ 
form 100 percent of the functions for which they 
were designed and to accomplish the assigned 
mission. Anything short of this goal is consid¬ 
ered a compromise to readiness which cannot 
be afforded. 

By analyzing maintenance costs and devising 
techniques to reduce cost wherever and when¬ 
ever possible, many procedures and unneces¬ 
sary actions can be minimized or eliminated 
entirely. Therefore, by doing away with the 
unnecessary, effort can be concentrated on in¬ 
creased readiness. The 3-M system embraces 
two broad areas-a Planned Maintenance System, 
and a Maintenance Data Collection System. 


PLANNED MAINTENANCE SYSTEM 

The Planned Maintenance System (PMS) is 
a system of maintenance planning and control 
that provides for the uniform accomplishment 
of planned preventive, rather than corrective, 
maintenance in all aircraft squadrons. A set of 
Maintenance Requirement Cards(MRC’s)is pro¬ 
vided for each type of aircraft, based on infor¬ 
mation in the Periodic Maintenance Require¬ 
ments Manual (PMRM). The MRC's tell what 
inspections are to be performed, when and how 
they are to be performed, the skills, tools and 
equipment needed, the safety precautions to be 
observed, and the inspection sequence. 

Many separate but interrelated functions and 
tasks combine to make up the maintenance work¬ 
load that is required for support of modern air¬ 
craft. The times allocated and available for the 
accomplishment of this maintenance does not 
allow for all of these tasks to be considered, 
planned, and performed on an individual basis; 
therefore, it is necessary that they be com¬ 
bined, sequenced, and phased in the proper or¬ 
der if the overall task is to be accomplished in 
the most efficient manner. The best possible 
use of allocated time, manpower, materials, 
and funds is mandatory if the maximum potential 
weapons system availability and utilization are 
to be realized. 

Operating aircraft are subject to a variety 
of stresses, strains, vibrations, and environ¬ 
ments. If not inspected regularly for all de¬ 
fects, the aircraft would soon become inoper¬ 
able . The correcting of discrepancies and 
timely lubrication are performed in conjunction 
with inspections and enable the aircraft to be 
flown safely until the next inspection. 

The most frequent types of inspections which 
are performed by activities responsible for the 
maintenance of naval aircraft are described in 
the following paragraphs. 

Daily Inspections 

Daily inspections are accomplished between 
the last flight of the day and the next scheduled 
flight, if no more than 72 hours elapse between 
the inspection and the next scheduled flight. If 
more than 72 hours elapse between the inspec¬ 
tion and the next flight, the inspection must be 
repeated. This inspection is basically a combi¬ 
nation of requirements for checking equipment 
that requires a daily verification of satisfactory 
functioning, plus requirements that prescribe 
searching for and correction of relatively minor 
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problems to prevent their progress to a state 
that would require major work to remedy. 
Other items which require inspection at inter¬ 
vals more frequent than prescribed for calen¬ 
dar inspections are also included on the daily 
inspection and are accomplished along with the 
daily inspection on the day they become due. 

Preflight Inspection 

A preflight inspection is performed prior to 
each flight. This inspection consists of checking 
the aircraft for flight readiness by performing 
visual examinations and operational tests to dis¬ 
cover defects and maladjustments that, if not 
corrected, would cause accidents or aborted 
missions. It also includes a check to determine 
that the aircraft has been properly serviced for 
the next flight. 

Postflight Inspection 

A postflight inspection is performed on air¬ 
craft at the termination of the flight. This in¬ 
spection includes the following: 

1. Inspecting critical areas of the aircraft 
for obvious damage. 

2. Servicing the aircraft with fuel, oil, ox¬ 
ygen, etc., to help maintain the aircraft in a 
ready-for-flight condition. 

3. Installing of safety devices such as ejec¬ 
tion seats and canopy safety pins, landing gear 
safety pins, and jury struts to maintain the air¬ 
craft in a safe condition. 

4. Securing the aircraft after the last flight 
of the day. This includes installing all protec¬ 
tive covers and plugs such as intake and exhaust 
covers, refrigeration and pressurization plugs, 
pitot covers, static vent plugs, etc. 

NOTE: This inspection is no longer accom¬ 
plished except where locally authorized to sat¬ 
isfy specific requirements. 


Calendar Inspection 

The calendar inspection is a thorough and 
searching inspection of the aircraft. It consists 
of visual and operational checks of sufficient 
depth to uncover discrepancies or progressive 
deterioration within the aircraft that could affect 
safety of mission accomplishment. This type of 
inspection is divided into two categories-an 
ODD calendar and an EVEN calendar inspec¬ 


tion-and consists of basic requirements plus 
additional items scheduled for compliance at 
less frequent intervals. 

Most of the items to be inspected at less 
frequent intervals are divided evenly so that ap¬ 
proximately half of the items are checked on the 
first (ODD) calendar inspection and the remain¬ 
der are checked at the second (EVEN) inspec¬ 
tion. Subsequent inspections repeat the same 
ODD-EVEN cycle. 

Under this system, the appropriate inspec¬ 
tion is conducted at the expiration of a specified 
number of calendar weeks. Figure 2-4 illus¬ 
trates a squadron inspection interval. 

The Calendar Inspection System is an effi¬ 
cient system from a maintenance management 
standpoint. When aircraft are inspected under 
this system, the workload planning operation is 
simplified and the schedule maintenance in pro¬ 
cess is automatically stabilized. 

The first inspection interval subsequent to 
Navy acceptance of a new aircraft under this 
inspection system commences on the date or at 
the time of the acceptance test flight. The first 
calendar inspection is performed at the com¬ 
pletion of this first interval with subsequent 
inspections performed in sequence as previously 
mentioned. 

The first inspection interval subsequent to 
standard rework commences on the date entered 
in the Aircraft Logbook by the rework activity 
certifying accomplishment of the equivalent ca¬ 
lendar inspection. The next calendar inspection 
due is performed at the completion of this first 
interval and subsequent inspections are in se¬ 
quence. 

During special rework, the rework activity 
accomplishes all inspections falling due while 
the aircraft is in custody of the rework activity. 
Calendar inspections subsequent to special re¬ 
work, therefore, continue in sequence. All ca¬ 
lendar inspections accomplished by rework are 
noted in the Aircraft Logbook and the Aeronau¬ 
tical Equipment Service Record. 


CALENDAR INSPECTION PROCEDURES. - 
Aircraft are inspected on the calendar interval 
established by current NavAir Instructions or on 
an adjusted interval as specified by the control¬ 
ling custodian. Normally, calendar inspections 
are programmed in multiples of calendar weeks, 
computed from induction date to induction date, 
irrespective of days consumed performing the 
individual inspection. Therefore, an aircraft 
assigned a 17-week interval would be inducted 


24 


Digitized by 


Google 




Chapter 2-AIRCRAFT MAINTENANCE ORGANIZATION 


TYPICAL 12 PLANE SQUADRON ON A 13 WEEK INTERVAL 



Figure 2-4. -Squadron 

into the next calendar inspection 17 weeks after 
the original induction day of the week. 

The Calendar Inspection System is placed 
into operation by dividing the number of aircraft 
in the aircraft allowance into the calendar in¬ 
spection interval (for example, 13, 17, 21, or 
22 weeks) and programming scheduled mainte¬ 
nance and inspection requirements accordingly. 
Activities responsible for the maintenance and 
upkeep of large numbers of aircraft group them 
into multiple units for programming purposes. 

To meet unusual situations, a plus or minus 
1 week, or portion thereof, may be applied to 
the authorized calendar inspection interval. To 
enable a ferry flight to the home ship or station 
after an away-from-home grounding discrepancy 
of such duration that the calendar interval ex¬ 
pired, necessary additional days may be added. 
However, in each instance each deviation must 
be approved by the commanding officer or of¬ 
ficer in charge, not delegated, and applies only 
to the immediate inspection due. If unusual cir¬ 
cumstances dictate deviations of succeeding ca¬ 
lendar inspections, each is computed from the 
date on which the inspection would have been due 


AT. 4 

inspection interval. 

if the preceding deviation had not been granted. 

To eliminate peaks and valleys in the work¬ 
load, the overall pattern of inspections of all 
aircraft should be one of alternating odd calen¬ 
dars and even calendars. Induction of new and 
reworked aircraft into an established calendar 
inspection schedule may require repeating or 
performing an otherwise unnecessary inspection 
to insure that the scheduled workload pattern 
remains one of alternating types of inspections. 
Newly received aircraft are required to be 
firmly established in the calendar inspection 
schedule within a period not to exceed one in¬ 
spection interval. 

Reporting custodians (operating activities) 
are authorized under current instructions to 
increase the depth of any inspection but not to 
decrease it. Whenever the depth of an inspec¬ 
tion is increased to meet unusual or special 
circumstances, the inspection is recorded only 
as the type which was due in accordance with the 
programed sequence. Special inspections to an 
appropriate depth may be ordered by the re¬ 
porting custodian whenever excessive utilization 
during the operating interval is considered to 
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have impaired the material reliability or integ¬ 
rity of the aircraft. Such inspections are in ad¬ 
dition to programed requirements and in no way 
affect the requirement for the accomplishment 
of the next regularly scheduled inspection. 

Special instructions specified in the appli¬ 
cable PMRM are performed concurrently with 
scheduled calendar inspections when the time 
authorized for the special inspection is not ex¬ 
ceeded. When the time interval will be ex¬ 
ceeded during the calendar period inspection 
interval, the special inspection is accomplished 
as part of the scheduled daily inspection falling 
nearest to the requirement. 

Scheduled replacement of components with 
stated operating limitations is normally accom¬ 
plished during the calendar inspection falling 
nearest the hourly limitation. To facilitate 
maximum replacement in accordance with the 
foregoing, a plus or minus 10 percent of the 
stated operating time is permissible. When the 
£ourly limitation plus or minus 10 percent does 
not coincide with a calendar inspection, the re¬ 
placement is usually accomplished during the 
scheduled daily inspection nearest the hourly 
limitation. 

NOTE: The Component Removal/Replace- 
ment Schedule, found in the applicable PMRM, 
contains a list of components which must be re¬ 
moved and replaced periodically. This section 
of the PMRM contains the nomenclature, part 
number or stock number, quantity, technical 
justification for removal, corrective action re¬ 
quired, and replacement schedule of the compo¬ 
nents which must be replaced. 


MAINTENANCE DATA COLLECTION 
SYSTEM(MDCS) 


The .Maintenance Data Collection System 
(MDCS) is a system for collecting, processing, 
and analyzing maintenance and material data 
and distributing information to line commanders 
and material commands to enable them to carry 
out management functions in support of the op¬ 
erating forces. This system is also referred to 
as the management system. The primary pur¬ 
pose of this system is to insure that basic data 
generated by maintenance personnel are re¬ 
corded only once. This system provides in¬ 
formation from the following categories: man¬ 
hour accounting, maintenance data reporting, 
and aircraft statistical data. 


Manhour Accounting 

The effective use of available manpower is 
an important function of maintenance manage¬ 
ment. Manhour accounting is an important part 
of the MDCS. The purpose of collecting man¬ 
hour data is to provide management with essen¬ 
tial information necessary to more efficiently 
plan and direct the distribution of assigned per¬ 
sonnel. 

The Manhour Accounting System is based 
upon the "exception" principle; that is, only 
the deviations or exceptions from normal are 
reported. Through the use of master rosters, 
electric accounting machine cards, and machine 
processed reports, the system provides sum¬ 
maries of the hours expended by maintenance 
personnel during the normal working day or in 
an overtime status. Basically, the system is 
designed so that the normal working hours for 
each person assigned to the maintenance activ¬ 
ity are allotted or assigned to work centers by 
types of labor at the beginning of each reporting 
period. Exceptions from these normal working 
hours, or labor types, are reported by use of 
Manhour Accounting Cards. Data processing 
machines add or subtract the exceptions re¬ 
ported on the Manhour Accounting Cards from 
the initial manhour allotment. These exceptions 
and the working hours allotted at the beginning 
of the period serve as the basis for the daily and 
monthly manhour accounting reports mentioned 
in the foregoing. These reports are forwarded 
to the maintenance officers and supervisors for 
validation and utilization. Each supervisor and 
worker must thoroughly understand the impor¬ 
tance of the system, its operation, and the need 
for continual accuracy. 

At the beginning of each reporting period, 
generally the first of the calendar month, man¬ 
hours are assigned to every work center to 
which personnel are assigned. These manhours 
are based on an 8-hour workday 5 days per week 
for every person assigned. Not included in 
these "original assigned manhours" are any 
hours for work on Saturdays, Sundays, or holi¬ 
days during the month. If every person as¬ 
signed to the work center could be continuously 
employed throughout the month during all the 
time available for work, there would be no need 
for manhour reporting, as the time would be 
accounted for on the various maintenance data 
collection forms. Since continuous employment 
is not pessible, each worker must report what 
he did when he was not working during any 
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period in excess of 20 minutes, or approxi¬ 
mately three-tenths of an hour. 

Maintenance Data Reporting 

This category of data embraces the widest 
range and most complex types of information in¬ 
volved in the Aviation 3-M System. The scope 
of the data collected is indicated by the descrip¬ 
tive titles of the data collection forms which 
are used. These data collection forms are 
commonly called ’’source documents.” These 
source documents include the Support Action 
Form (SAF), Maintenance Action Form (MAF) 
(single and multicopy), Technical Directives 
Compliance Form (TDCF), and Configuration 
Control Form (CCF). 

Most of these source documents are origi¬ 
nated and completed by the production divisions; 
however, maintenance control personnel assist 
in the preparation of some of them. 

The Maintenance Data Reporting (MDR) sys¬ 
tem is designed so that each worker, when ac¬ 
complishing a job, converts a narrative de¬ 
scription of the job into codes and enters the 
coded information on standard source docu¬ 
ments. These source documents are collected 
and forwarded to the data services activity 
where the information is transferred onto Elec¬ 
tric Accounting Machine (EAM) cards. Data 
services then uses these EAM cards to produce 
periodic machine reports listing and summar¬ 
izing the submitted data. These reports are 
supplied to maintenance supervisors to provide 
assistance in planning and directing the main¬ 
tenance effort. In addition, the information on 
the EAM cards is forwarded to the Central Data 
Processing Facility which provides data to sat¬ 
isfy the management requirements of type com¬ 
manders, system commands, and other mana¬ 
gers. 

The MDR system provides a valuable tool for 
use by maintenance managers. It was not de¬ 
signed to replace management or supervision. 
It was designed to assist management, and to 
achieve this purpose requires strict attention 
from the worker to the commanding officer. As 
with the entire MDCS, the key to an effective 
MDR system is the work center supervisor. 
This supervisor must understand the system, 
the proper procedures for using the source doc¬ 
uments and registers, and the information he 
collects from the machine reports. He must 
assure complete and accurate documentation and 
also insure that assigned personnel have re¬ 
ceived proper training and motivation. It is 


well to remember that a product from MDR is 
only as good as the input information, and the 
input is used to provide management products 
for the highest levels of Navy management. 

Aircraft Statistical Data 

Management control of an operating unit is 
furnished inventory, flight, and readiness in¬ 
formation by this system. Selected information 
for each aircraft in the inventory of a reporting 
custodian is prepared and forwarded to Data 
Services, and this information is used to estab¬ 
lish an accurate master file of inventory data 
within the local Data Services activity. When 
the master file is established, it is kept cur¬ 
rent by the submission of Equipment Statistical 
Data (ESD) Cards, which are the source docu¬ 
ments for this system. Figure 2-5 illustrates 
the Equipment Statistical Data Card reporting 
flight data. An ESD card is utilized to report 
inventory information when an aircraft is gained 
or lost and when there is a change in the re¬ 
porting status of the aircraft. 

Data Services provides various reports con¬ 
taining inventory, readiness, and flight data. 
Compilation of selected elements or data in a 
specified format will aid in the preparation of 
maintenance information and will allow similar 
type organizations to compare statistics and 
equipment. 

The following paragraphs provide the de¬ 
scription of the report to be made. 

The Aircraft Master List, ASD-00, is a 
monthly report reflecting the true inventory 
condition of assigned aircraft as of 0001 hours 
the first day of each month. The report lists 
the permanent unit code, type equipment code, 
and the assigned aircraft hours for the appro¬ 
priate NOR (Not Operationally Ready) reporting 
status for each aircraft. This report provides 
a means of verifying and/or correcting data 
contained in the local inventory data bank. 

The report is checked for accuracy and com¬ 
pleteness using local records of aircraft inven¬ 
tory change transactions which occurred during 
the previous month. Erroneous or incomplete 
data should be corrected and the local inventory 
data bank corrected in accordance with locally 
established procedures. 

The Daily Flight Report, ASD-1, is a de¬ 
tailed listing of all aircraft flight data submitted 
on ESD cards during the previous working day. 
The report may contain data for more than 1 day 
due to extended flights or flights on weekends or 
holidays. It indicates flight data collected 


27 

i 


Digitized by 


Google 




AVIATION FIRE CONTROL TECHNICIAN 1 & C 



Figure 2-5. -ESD Card (flight data). 
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during shipboard operations and shows landing 
data, departure and arrival times, date, and the 
duration and purpose of each flight conducted >/ 
each aircraft. 

This report provides a means of verifying 
and correcting information in Data Services 
files. It also provides maintenance managers 
with a means of monitoring aircraft utilization 
on a daily basis and can be used as a measure 
of accomplishment of the previous day’s sched¬ 
ule. The report is checked daily for accuracy 
and completeness by maintenance control per¬ 
sonnel. Erroneous entries should be lined out 
and the correct data inserted, in red, directly 
above the lined out entry. After correction the 
report is forwarded to the Data Services Ac¬ 
tivity. 

The Daily Aircraft Readiness Report, ASD-2, 
is a detailed listing of all aircraft NOR and in¬ 
ventory data submitted on ESD cards during the 
previous working day. Like the ASD-1, it may 
contain data for more than 1 day. The ASD-2 
shows not ready conditions and inventory changes 
by bureau number. When an aircraft is reported 
as NOR more than once during the same day, 
the data for this aircraft is listed in the order 
the NOR times began. 

This report provides a means of verifying 
and correcting information in Data Services 
files. It also provides maintenance managers 
with a means of monitoring operational readi¬ 
ness on a daily basis. 

Maintenance managers use this report to 
identify specific problem areas that degrade the 
overall readiness condition. The nature of the 


problem areas identified may determine what 
action is necessary to improve readiness. Fur¬ 
ther, this report provides the means of identi¬ 
fying specific aircraft that detract from overall 
readiness, measuring the impact of scheduled 
maintenance, unscheduled maintenance, and 
supply support on readiness, identifying poten¬ 
tial ready hours lost to the awaiting mainte¬ 
nance category, identifying systems or compo¬ 
nents that contribute to NOR conditions, and 
computing cumulative readiness rates. The 
report is checked daily for accuracy and com¬ 
pleteness, and any erroneous data corrected in 
the same manner as the ASD-1. 

The Monthly Aircraft Readiness and Flight 
Report, ASD-3, is a summary of all flight and 
NOR ESD cards submitted during the reporting 
period. It shows a summation, by bureau num¬ 
ber and type equipment, of hours assigned ”IN" 
or’’OUT” of a NOR reporting status, NOR hours 
by category, total flights and flight hours, and 
flights and flight hours during shipboard oper¬ 
ations. 

The report aids maintenance managers in 
their efforts to maintain optimum aircraft read¬ 
iness and utilization. The format used lends 
itself to quick analysis of factors that affect air¬ 
craft readiness and utilization. This report 
provides a means to identify the operationally 
ready rate, not ready hours by reason, await¬ 
ing maintenance hours, aircraft lost to an’’OUT” 
of a NOR reporting status, aircraft that contin¬ 
ually account for a large portion of NOR hours, 
the hours flown by each aircraft, the aver¬ 
age flight duration, and flights and hours 
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accumulated during shipboard operations. 

NOTE: An aircraft is ’’IN” a NOR reporting 
status when the status code of the aircraft is A1 
through A8, AJ, and AK: B1 through B8, BJ, 
and BK: and Cl through C8, CJ, and CK. Not 
Operationally Ready reporting is required only 
on aircraft ”IN” a NOR reporting status. An 
aircraft is ’’OUT” of NOR reporting status when 
the status code of the aircraft is other than 
listed above. Aircraft are not reported as NOR 
when "OUT” of a NOR reporting status. 

In addition to these standard reports, Re¬ 
porting Custodians may request special reports 
from data services. It should be remembered 
that any information known to exist in ASD files 
can be obtained in the form of special reports. 
However, if the information desired is already 
available in another report, a special report 
should not be requested. Special reports should 
not be used indiscriminately because of the ad¬ 
ditional, and often excessive workload imposed 
on Data Services personnel and machines. 

MAINTENANCE FORMS AND RECORDS 

Effective accomplishment of aircraft main¬ 
tenance requires thorough familiarity with nu¬ 
merous maintenance forms and records. Some 
of these are discussed in other chapters of this 
text. Those discussed in the following para¬ 
graphs are aircraft status boards and test flight 
forms used in postmaintenance flight tests. 

AIRCRAFT STATUS BOARD 

This board is maintained to provide a visual 
presentation of current status information on all 


aircraft assigned to an activity. The aircraft 
status board, such as the one depicted in figure 
2-6, should be of suitable size and material to 
display sufficient information so that interested 
personnel can quickly ascertain the essential 
facts. 

The size and location of the board will vary 
with the employment and operating conditions of 
the particular activity; however, it remains the 
responsibility of the maintenance control office 
to maintain the board in a current and up to date 
status. Additional columns and subcolumns for 
rapid reference may be employed to indicate the 
status of selected components and functional 
systems as well as replacement times or dates 
on selected items. When items which have es¬ 
tablished replacement intervals are selected for 
the status board, the time at which replacement 
is required can be effectively displayed by en¬ 
tering in the component column the replacement 
interval (or the time remaining on the item) plus 
the aircraft or engine time when the item was 
installed. Thus, replacement is required when 
the aircraft or engine time equals the time en¬ 
tered in the component column. For a more 
effective display, the figure in the component 
column may be entered in red as the replace¬ 
ment time or date approaches. 

POST MAINTENANCE 
FLIGHT TESTS 

The control and accomplishment of test 
flights may be a necessary and integral part of 
a maintenance process. Test flights are those 
flights performed to determine if the airframe, 
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Figure 2-6. - Aircraft status board. 
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powerplant, accessories, and items of equipage 
are functioning in accordance with predeter¬ 
mined requirements while subjected to the in¬ 
tended operating environment. Such flights are 
conducted when it is not feasible or possible to 
determine safe and/or required functioning by 
means of ground or shop tests. (Refer to Nav- 
Air Instruction 4700. 2 (latest series) for a list¬ 
ing of conditions that require flight tests.) 

LOGS AND RECORDS 

All activities which have reporting custody 
of Navy or Marine Corps aircraft have the re¬ 
sponsibility to maintain the Aircraft Logbook 
and associated records for their assigned air¬ 
craft in a proper and up-to-date status. 

The actual responsibility for the maintenance 
of the Aircraft Logbook and its associated rec¬ 
ords have been recently assigned to the Aviation 
Maintenance Administrationman (AZ) rating. 
However, since the technician must supply in¬ 
formation for many of the entries which are 
made in the Aircraft Logbook, it is necessary 
that he be familiar with it. 

AIRCRAFT LOGBOOK 

The Aircraft Logbook is the record in which 
all data concerning the aircraft are posted. In¬ 
formation gathered in this log is used to deter¬ 
mine the aircraft condition for planning its re¬ 
work. Accident investigating boards determine 
the compliance with directives from it. It re¬ 
flects a history of all significant events occur¬ 
ring to the airframe, its components, and ac¬ 
cessories. It is a legal document of investiga¬ 
tions. 

NOTE: The Aircraft Logbook has recently 
been revised and the NavWeps 13090 forms are 
being replaced by NavAir forms. Some of the 
old forms will continue to be used until present 
stocks are depleted. 

The Aircraft Logbook is a hard cover, loose- 
leaf ring binder containing separators and page 
insert forms. Each separator and page insert 
is a NavAir form and is identified by individ¬ 
ual slash numbers. 

AERONAUTICAL EQUIPMENT 
SERVICE RECORD 

The Aeronautical Equipment Service Record 
is a nine-part, looseleaf log contained within a 
separate cover and punched for insertion in the 
Aircraft Logbook ring binder. This record is 


prescribed for use with aircraft powerplants, 
propellers, and airborne auxiliary powerplants. 
When used as a propeller log, it is prepared 
using the propeller hub as the basic equipment 
and must accompany the hub throughout its 
service life. 

The Aeronautical Equipment Service Record 
is initiated by the activity originally accepting 
the equipment for the Navy. This record is 
subsequently maintained by the activity having 
custody of the equipment. Maintenance of this 
record is similar to that required for the Air¬ 
craft Logbook. Although the record is main¬ 
tained in the Maintenance Control Office, much 
of the information that must be incorporated 
comes from the individual shops. General fa¬ 
miliarity with the contents of the log and the 
record by chief and first class petty officers in 
all aviation ratings is a valuable aid in the de¬ 
velopment of the spirit of cooperation so vital 
to the over-all maintenance effort. 

The Aeronautical Equipment Service Record 
consists of the following: 

1. The cover (NavAir Form 13090/20). 

2. Part I-Guarantee Information and Basic 
Information (NavAir Form 13090/21A). This 
part contains information similar to that con¬ 
tained in the first two sections of the Aircraft 
Logbook. 

3. Part II-Custody and Transfer Record. 

4. Part HI-Equipment Operating Log. This 
form is generally self-explanatory; however a 
few remarks may be helpful as an aid in prep¬ 
aration and maintenance. For instance, it 
should be remembered that ’’Military” time re¬ 
fers to reciprocating engines and ’’Afterburner” 
time refers to gas turbine engines. The form 
provides for logging of equipment operating time 
on a preflight, daily, weekly, or monthly basis 
except that ferry and test flight times are logged 
separately. This form provides an additional 
column without a heading which maybe used for 
logging any special information. 

5. Part IV-Inspection Record. The discus¬ 
sion of this form in the section on Aircraft Log¬ 
book also applies to the preparation and main¬ 
tenance of the form when used as Part IV of the 
Aeronautical Equipment Service Record. 

6. Part V-Re cord of Rework. This is also 
a dual usage form and is to be maintained in ac¬ 
cordance with those instructions which apply to 
the Aircraft Logbook. 

7. Part VI-Technical Directives. The re¬ 
cording of technical directives in the Aeronau¬ 
tical Equipment Service Record is largely 
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limited to "bulletin" type publications. Separate 
pages are used for each type directive and all 
applicable directives are recorded. 

8. Part VII-Preservation-Depreservation 
Record. This part of the Aeronautical Equip¬ 
ment Service Record is another of the forms 
that is also used in the Aircraft Logbook. The 
purpose and the maintenance of this form when 
used as part of this record are basically the 
same as for the Aircraft Logbook. 

9. Part VIII-Miscellaneous. Part VIII is 
used in the Aeronautical Equipment Service 
Record for recording pertinent information for 
which no other place has been provided. Such 
inf ormation includes special test data, abnormal 
characteristics of equipment, significant dam¬ 
age and/or repair, and authorization for exten¬ 
sion of operating intervals. 

10. Part IX-Replacement of Assemblies, 
Accessories, and Major Components. Part IX 
is another of the forms that is also used in the 
Aircraft Logbook. This part of the record is 
screened for information and discarded at time 
of rework, and a new Part IX is initiated. 

AIRCRAFT INVENTORY 

In order to maintain an unbroken chain of 
custodial responsibility incident to the transfer 
and acceptance of naval aircraft, the Standard 
Inventory Log was developed to be used as an 
instrument of transfer. In the interest of stan¬ 
dardization among the Armed Services, the Air¬ 
craft Inventory Record has been designed by the 
Department of Defense for this purpose. Re¬ 
cords are being prepared, instead of Logs, for 
future new production aircraft. 

With remote exceptions, no aircraft may now 
be transferred or accepted without an Inventory 
Log or Record. On these occasions an inven¬ 
tory of the aircraft and its equipment must be 
accomplished, based on the items of equipment 
and material contained in the applicable Log or 
Record. 

Although the Log and Record serve the same 
purpose, there are some minor differences 
in their format and categorical listings. In 
general, the determination as to whether items 
are, or are not, subject to listing in these pub¬ 
lications without regard as to whether they are 
Contractor or Government furnished and Con¬ 
tractor or Service installed, is governed by the 
following: 

1. Items essential to the execution of the 
designated missions of the aircraft, such as 


armament, electronics, photographic equipment 
(excluding cameras other than for primary mis¬ 
sions), and special instruments, are included. 

2. Items of equipment which are rigidly 
fixed and considered to be a basic or integral 
part of the airframe, such as engines, pro¬ 
pellers, wheels, tires, and brakes, are ex¬ 
cluded. In the case of the Aircraft Inventory 
Record, standard instruments are also excluded. 

3. Special equipment items essential to the 
safety or comfort of the crew, such as bedding, 
liferafts, Thermos bottles, crash axes, and 
portable fire extinguishers, are included. Com¬ 
parable items which are personal issue or fur¬ 
nished on squadron allowances are excluded. 

4. Loose equipment delivered with the air¬ 
craft, such as covers, mooring kits, and jack 
pads, for which stowage provisions have been 
incorporated in the aircraft, are included. 

5. Items subject to pilferage or readily con¬ 
vertible to personal use, such as clocks, Ther¬ 
mos jugs or bottles, bedding, and first aid kits, 
are included. Comparable items which are per¬ 
sonal issue or furnished on squadron allowances 
are excluded. 

The Standard Inventory Log is subdivided 
into groups of equipment (e. g., instrument and 
navigation equipment, armament equipment, and 
electronic equipment). The components are 
listed in alphabetical sequence and according to 
their location in the aircraft, with the exception 
of the electronics equipment, in which case all 
components of an equipment are listed in one 
place regardless of their location in the air¬ 
craft. Stock numbers are also supplied for in¬ 
dividual items, and are used for ready reference 
when replacements are required. 

The Aircraft Inventory Record includes a 
sectional breakdown diagram of the applicable 
aircraft. This diagram consists of a side ele¬ 
vation and/or the plan view of a wing, or in the 
case of twin-boomed or flying wing aircraft, the 
perspective view. 

To facilitate inventorying, the sections of 
the diagram are identified by letters, the letter 
"A" being assigned to the foremost section, "B" 
to the next, and so on, generally to the rear of 
the aircraft. The letter "R," as part of the 
item number, denotes items mounted on the ex¬ 
terior of the fuselage, and the letter "F" denotes 
items to which access is gained from the fuse¬ 
lage. Subdivisions of sections may be identified 
by a lowercase letter, such as "Aa," "Ac, "etc. 

The equipment list portion of the Record is 
divided into sections, each of which lists the 
items pertaining to a particular section of the 
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aircraft, as indicated on the sectional break¬ 
down diagram. Within each section, individual 
items are numbered as nearly as possible in the 
sequence of their physical location in the air¬ 
craft without regard to their relation to specific 
equipment. Stock numbers are not supplied as 
part of the equipment listing in Inventory Re¬ 
cords. 

One Standard Inventory Log in general is is¬ 
sued as applicable to one aircraft model and de¬ 
signates material and equipment peculiar among 
the various applicable versions and bureau num¬ 
bers. The Aircraft Inventory Record is issued 
as applicable to one aircraft for a specific bu¬ 
reau number. 

Blank columns are provided on the inventory 
pages of the Log and Record, in order that 
transferring and receiving activities may jointly 
inventory and indicate the quantity of each item 
ascertained to be on board the aircraft at the 
time of transfer. A ’’Receipt Endorsement Log” 
in the Standard Inventory Log and a "Certificate 
and Record of Transfer" in the Aircraft Inven¬ 
tory Record are provided so that transferring 
and receiving activities may sign, indicating by 
column applicability, the items on board the 
aircraft. 

Upon the transfer of an aircraft, represent¬ 
atives from the transferring and receiving ac¬ 
tivities jointly inventory and record, in the ap¬ 
propriate column, the quantity of each item 
which is ascertained to be on board the aircraft 
at the time of transfer. When a ferry pilot or 
a naval vessel is involved in the transfer, two 
inventories are made, one prior to the ferry 
flight or embarkation, and one upon completion. 
In the former instance the ferry pilot or vessel 
is to be considered the receiving activity, and 
in the latter instance the transferring activity. 

A Report of Inventory Form supplied with 
the Standard Inventory Log, or the Shortages 
Form (DD 780-2) in the Aircraft Inventory Re¬ 
cord, is generally prepared in triplicate, listing 
missing items with appropriate remarks. The 
original signed copy of the form is retained by 
the transferring activity and filed as a perma¬ 
nent record of transfer. 

The second copy of the form is left in the 
Standard Inventory Log or Aircraft Inventory 
Record, as the case may be, and delivered 
along with the Log or Record to the activity re¬ 
ceiving the aircraft. 

A third copy of the report or shortages form 
is forwarded to the cognizant major operating 
command of the transferring activity for infor¬ 
mation and any appropriate action deemed 


necessary. 

In the case of missing items, the transfer¬ 
ring activity makes every effort to locate the 
missing items or to withdraw from store the 
replacement items necessary to complete the 
inventory. If it is impossible to locate or sup¬ 
ply the missing items, the notation "Missing 
items are not available" is placed in the Report 
of Inventory Form in the Standard Inventory Log 
or the Shortages Form in the Aircraft Inventory 
Record. An explanatory statement signed by the 
transferring representative is placed with this 
form, indicating the authority for these short¬ 
ages. On the basis of this statement, the re¬ 
ceiving activity may fill the shortages from 
stock and account for them in the normal manner. 

When an aircraft is abandoned or disposed 
of by scrapping, the inventory log or record 
may be destroyed by the activity disposing of the 
aircraft. When the aircraft is transferred to 
other U. S. agencies, the log or record is 
transferred also. When sold to a private party, 
the inventory log or record is forwarded to the 
Naval Air Systems Command immediately after 
consummation of the sale and should include the 
signatures of the last custodian (seller) and the 
purchaser. In order to provide the buyer with 
inventory information, the log or record may be 
duplicated, provided that it includes no classi¬ 
fied information. 

VISUAL INFORMATION 
DISPLAY SYSTEM (VIDS) 

The Visual Information Display System (VIDS) 
is a time charting management tool which pro¬ 
vides a graphic display of vital, up-to-date in¬ 
formation on a continuing basis. The system 
correlates all aircraft status information, par¬ 
ticularly awaiting parts and flyable discrepan¬ 
cies, and assigns a relative importance to each 
item. Additionally, the system displays the 
amount of time required to perform any main¬ 
tenance and the number of personnel available 
and engaged in work. The ability to review the 
overall situation and determine what resources 
are available enables the maintenance officer 
and maintenance control officer or supervisor 
to more effectively and efficiently carry out his 
duties. This information is displayed on spec¬ 
ially configured cardex type display boards. 

DISPLAY BOARDS 

VIDS boards consist of enlarged cardex type 
pockets scaled horizontally to represent hourly 
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time periods. Each pocket is overlapped by the 
one above so that approximately a 3/8-inch 
strip is visible at the bottom of the pocket. 
Boards are available in three sizes-100 pocket 
(40" x 40"), 50 pocket (40" x 26"), 25 pocket 
(40" x 14"), and in three standard configura¬ 
tions. The configurations are as follows: 

1. Organizational, flight maintenance board. 
This board provides current status of each air- 
craft plus displaying scheduled/unscheduled 
maintenance, including outstanding flyable dis¬ 
crepancies, parts on order, scheduled flights, 
and aircraft configuration. The current and 
projected workload of each work center and the 
number of labor code 500 personnel available 
for work are also displayed on the board. 

2. Material control status board. Outstand¬ 
ing material requisitions are displayed on this 
board by aircraft modex, work center, and doc¬ 
ument number. 

3. Work center board. The work center 
board displays the work assignments by name in 
the work center plus providing space for indiv¬ 
idual technical qualifications record. Space is 
also provided for pending assignments, not as¬ 
signed tasks, and those in AWP (aircraft await¬ 
ing parts) status. The top pocket is configured 
to show the status of special support equipment 
(SSE) required by the particular work center. 

IMPLEMENTATION PROCEDURES 

To make the implementation phase as smooth 
as possible, a thorough indoctrination of the 
maintenance/material control personnel and 
work center supervisors is necessary. All 
problems concerning operating procedures, in¬ 
formation flow, and communication procedures 
should be resolved prior to the implementation 
date. Certain steps are necessary if the trans¬ 
ition is to be made in an orderly manner with 
minimum disruption of the maintenance effort. 

Information Display Requirements 

Efficient management of the maintenance 
effort requires certain information concerning 
the resources of the activity be available. The 
range and depth of information requirements are 
determined by such factors as mission, size, 
and physical layout of facilities. For purposes 
of standardization and to insure that the mini¬ 
mum information requirements are displayed, 
the following guidelines should apply: 

1. Maintenance control, 

a. Inventory of aircraft. 


b. Aircraft configuration. 

c. Aircraft airframe/engine/component/ 

time. 

d. Aircraft/equipment discrepancy sta¬ 
tus. 

e. Work center loading. 

f. Projected flight and maintenance re¬ 
quirements. 

2. Material control. 

a. Outstanding requisitions by aircraft 
and priority. 

b. Outstanding requisitions not identi¬ 
fied to a specific aircraft. 

c. Master register listing by supply 
document number. 

3. Work center. 

a. Personnel status. 

b. Training/qualification record. 

c. IN WORK discrepancies and person¬ 
nel assigned. 

d. AWP and pending discrepancies. 
OPERATING PROCEDURES 

There are two approved methods of oper¬ 
ation for the Organizational Maintenance Con¬ 
trol VIDS. Both methods are in consonance 
with current OpNav directives and are adapt¬ 
able to any type activity. With either method, 
the primary consideration is placing mainte¬ 
nance control in CONTROL OF MAINTENANCE. 

Time Charting Method 

This method is a 3-day projection-title col¬ 
umns with Julian date; i. e., 9060, 9061, and 
9062, and continue sequence as workdays pro¬ 
gress. At the beginning of each shift, the main¬ 
tenance control supervisor will verify his sta¬ 
tus board(s) with the various work centers. 
Each work center supervisor will inform him of 
the number of labor code 500 personnel avail¬ 
able for work. These numbers will be indicated 
by the use of manpower indicators on the work 
center sections of the board. 

Each discrepancy will be transcribed on an 
appropriate colored maintenance control re¬ 
gister along with other pertinent information 
available at that time. Red registers will be 
used for discrepancies that place the aircraft in 
a nonflyable status. Blue registers are used 
for flyable discrepancies that do not place the 
aircraft in a reduced material condition (RMC), 
and an orange register for discrepancies that 
cause the aircraft to be placed in a reduced ma¬ 
terial condition. 
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The maintenance control supervisor will de¬ 
termine whether the affected work center(s) has 
the capability to handle the discrepancy at the 
present time. In making this decision he should 
utilize the manpower information displayed on 
the work center section, the present workload, 
and priority of the IN WORK and PENDING dis¬ 
crepancies. Based on his decision, the fol¬ 
lowing procedures will be used. 

1. Work center has capability. Maintenance 
control will transmit pertinent information to 
the affected work center(s). At this time, the 
work center supervisor will provide mainte¬ 
nance control with the estimated time of com¬ 
pletion (ETC), work unit code, and number of 
personnel that will be assigned to the task. This 
information is entered in the appropriate spaces 
of the register. An Equipment Statistical Data 
(ESD) card will be initiated to indicate a change 
in the aircraft condition. The colored tabs at 
the bottom of the register, in excess of the 
ETC, are folded under. Copy 1, along with the 
ESD card, is placed in the aircraft pocket or 
pockets under the appropriate day and time 
frames. Copy 2 is placed in the appropriate 
work center pocket in the same manner, and the 
"men assigned" sliding tab is adjusted to indi¬ 
cate number of personnel assigned. Copy 3 will 
be forwarded to Quality Assurance for informa¬ 
tion purposes. 

2. Work center does not have capability at 
present time. Maintenance control will indicate 
on the register that the discrepancy is in an 
AWM (aircraft waiting maintenance) status and 
will schedule the work at a later date and/or 
time. Copy 1 will be placed in the aircraft 
pocket, and copies 2 and 3 in the work center 
pocket under the appropriate date and time 
frame. An ESD card will be initiated and placed 
in the aircraft pocket. When the discrepancy 
is scheduled IN WORK, procedures described 
above will be utilized. 

The register will remain on the board in an 
IN WORK status until the discrepancy is com¬ 
pleted or unless the aircraft goes AWP or AWM. 
AWP and AWM status are described as follows: 

AWP. The existing ESD card is closed out 
and a new one initiated to show current status. 
A black tab is placed in front of the register to 
provide visual recognition of the AWP status. 
Copy 2 of the register is moved to the AWP sec¬ 
tion of the work center board. When material 
is received, discrepancy is rescheduled for 
work. 


AWM. When maintenance control deter¬ 
mines that a work center must go AWM on a 
discrepancy, the pertinent information will be 
entered. The discrepancy will be rescheduled 
at a later date and/or time and register cop¬ 
ies 1 and 2 will be moved on the board to the 
appropriate time frame. These registers can 
be flagged with an appropriate color for easy 
identification. 

When maintenance control is notified that a 
discrepancy has been corrected, the registers 
(copies 1 and 2) will be removed from the board 
and copy 2 destroyed. Pertinent information 
will be entered in the appropriate blocks of 
copy 1. 

Copy 1 should be retained in a temporary 
file until the MDR document passes through 
maintenance control. At that time, all neces¬ 
sary information is verified and then the regis¬ 
ter is filed in accordance with existing instruc¬ 
tions. Insure that the ESD card reflects the 
current status of the aircraft. 

Current Discrepancy 
Status Display Method 

This method utilizes three columns-PEND¬ 
ING, IN WORK, and AWP-each encompassing 
one 24-hour period. At the beginning of each 
shift, the maintenance control supervisor will 
verify his status board(s) with the various work 
centers. The supervisor will then determine 
which work centers have capability to handle in¬ 
coming discrepancies. In making this decision, 
he should utilize the manpower information dis¬ 
played on the work center section, the present 
workload, and priority of the IN WORK and 
PENDING discrepancies. Based on his decision, 
the following procedures will be used: 

1. Work center has capability. Maintenance 
control will transmit pertinent information to 
the affected work center(s). At this time, the 
work center supervisor will provide mainte¬ 
nance control with the estimated time of com¬ 
pletion (ETC), work unit code, and number of 
personnel that will be assigned to the task. This 
information is entered in the appropriate spaces 
of the register. An Equipment Statistical Data 
(ESD) card will be initiated to indicate a change 
in the aircraft condition. The colored tabs at 
the bottom of the register, in excess of the ETC, 
are folded under. Copy 1, along with the ESD 
card, is placed in the aircraft pocket under the 
heading IN WORK and time frames. Copy 2 is 
placed in the appropriate work center pocket in 
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the same manner (column and time frame), and 
the "men assigned" sliding tab is adjusted to 
indicate number of personnel assigned. Copy 3 
will be forwarded to Quality Assurance. 

2. Work center does not have capability at 
present time. Maintenance control will indicate 
on the register that the discrepancy is in an 
AWM status and will schedule the work at a 
later date and/or time. Copy 1 will be placed in 
the aircraft pocket under the heading PENDING. 
Copies 2 and 3 are placed in the appropriate 
work center pocket under the same heading. An 
ESD card will be initiated and placed in the air¬ 
craft pocket. When the discrepancy is schedu¬ 
led IN WORK, procedures described under work 
center capability will be utilized. 

When a discrepancy has been scheduled IN 
WORK, the register will remain on the board 
under the heading IN WORK until the discrep¬ 
ancy has been completed or it is necessary to 
go AWP or AWM. 

AWP. When maintenance control determines 
that a work center must go AWP on a discrep¬ 
ancy, copy 1 is placed in the aircraft pocket 
under the heading AWP. Copy 2 is placed in 
the appropriate work center pocket under the 
same heading. When the material is received, 
the discrepancy is rescheduled for work. In¬ 
sure that the ESD card reflects the current 
status of the aircraft. 

AWM. When maintenance control deter¬ 
mines that a work center must go AWM on a 
discrepancy, the pertinent information will be 
entered in the appropriate block of copy 1. Both 
copy 1 and the ESD card are then placed in the 
aircraft pocket under the heading PENDING. 
Copy 2 is placed in the appropriate work center 
pocket under the same heading. The discrep¬ 
ancy will be rescheduled at a later date and/or 
time and the registers (copies 1 and 2) will be 
moved to the appropriate pockets under the 
heading IN WORK. Copy 1 will be updated by 
entering the IN WORK time in the appropriate 
blocks. 

When maintenance control is notified that 
the discrepancy has been corrected, the regis¬ 
ters (copies 1 and 2) will be removed from the 
board and copy 2 destroyed. Pertinent infor¬ 
mation will be entered in the appropriate blocks 
of copy 1. 

Copy 1 should be retained in a temporary 
file until the source document is received in 
maintenance control. At that time, all neces¬ 
sary information is verified and then the regis¬ 
ter is filed in accordance with existing instruc¬ 


tions. Insure that the ESD card reflects cur¬ 
rent status of the aircraft. 

Maintenance Control Information 

The number of the assisting work center(s) 
is written in the appropriate block when a dis¬ 
crepancy is transcribed on a maintenance con¬ 
trol register. A copy 2 register of the same 
color as the primary register is made out for 
each assisting work center and placed in the ap¬ 
propriate work center section. As each assist¬ 
ing work center completes their portion of the 
discrepancy, the source document that is sub¬ 
mitted will be verified with the copy 1 register 
and that particular work center will be crossed 
out. The initials of the person calling in the 
completion will be written above the work cen¬ 
ter number. 

ESD cards can be placed on the VIDS board 
by either placing the card behind copy 1 of the 
register or inserting the card in the pocket on 
the extreme left side of the board. In this man¬ 
ner, the status block of the card is visible. 

Work Center Information 

When a discrepancy is received by the work 
center supervisor, pertinent data is recorded 
on the work center register. The supervisor 
informs maintenance control of the ETC, WUC, 
and the number of men that will be assigned to 
the task. The register is then placed in the 
pocket under the heading IN WORK and parallel 
to the name of the person given responsibility 
for the task. A distinguishing tab (or number) 
can be placed in any corresponding pocket(s) of 
other personnel assigned to the repair action. 
The register remains on the board until the dis¬ 
crepancy has been completed or it is necessary 
to go AWP or PENDING. If either of these two 
conditions occur, the register is removed from 
the IN WORK section, annotated with the proper 
information, and maintenance control is notified 
of the work status change. The register is then 
placed either in the AWP or in the PENDING 
section of the work center board. When the ma¬ 
terial has been received or the task rescheduled 
by maintenance control, the register is updated 
and placed in the IN WORK section of the board. 
When the task has been completed, the work 
center register is completed and the pertinent 
information is passed to maintenance control. 

The completed register is verified against 
the completed source document prior to the 
document being passed on to maintenance 
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control. The register will be retained in a tem¬ 
porary file until verification of the daily MDR 
readout is accomplished, then filed in accord¬ 
ance with existing instructions. 

Calendar Maintenance Procedures 

When an aircraft is inducted into a calendar 
inspection, maintenance control will initiate an 
appropriate maintenance control register with 
a controlling JCN. Copy 1, along with an ESD 
card, is placed in the appropriate aircraft pock¬ 
et. Copy 2 is placed in the pocket of work cen¬ 
ter 140 to indicate one aircraft inducted for in¬ 
spection. All registers are removed from the 
VIDS board (copies 1 and 2) and are consoli¬ 
dated, by JCN order, on an outstanding dis¬ 
crepancy control form. The control JCN and 
maintenance control registers, with the out¬ 
standing discrepancy control forms, are issued 
to the calendar maintenance supervisor. 

Upon induction of an aircraft into calendar 
inspection, the calendar maintenance supervisor 
will perform all maintenance control functions 
until completion of the inspection. All pending 
registers will be displayed in the same manner 
as maintenance control's board; i. e., copy 1 
in the aircraft pocket, and copy 2 in the appli¬ 
cable work center pocket. When a look phase 


or a fix phase register is initiated, they also 
will be displayed in the same manner. Upon no¬ 
tification of a task, each applicable work center 
supervisor will initiate a work center register 
and will display them in accordance with work 
center supervisor's procedures. The calendar 
maintenance supervisor must notify mainten¬ 
ance control of any change that affects ESD re¬ 
porting. When the inspection is completed, the 
control document will be signed off. All flyable 
discrepancies that are still outstanding should 
be listed on an outstanding discrepancy control 
form by JCN order. All registers (copies 1 and 
2), the outstanding discrepancy control form, 
and the control document will be turned in to 
maintenance control. 

When maintenance control is notified the ca¬ 
lendar inspection has been completed, registers 
(copies 1 and 2) are then removed from the VIDS 
board. Annotate copy 1 and file in accordance 
with existing instructions, and destroy copy 2. 
Update the ESD card to reflect the current sta¬ 
tus of the aircraft. Place a flight card in the 
aircraft pocket with a red tab to indicate a test 
flight is required. Display all flyable discrep¬ 
ancies (copies 1 and 2) in the aircraft pocket 
and appropriate work center sections of the 
maintenance control board. 
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The job of supervising the operation of a di¬ 
vision or shop is a many sided task. Some of 
the techniques will have been learned through 
past experience. Others may be learned from 
self-study courses and technical publications. 
Still other techniques will have to be learned 
during the actual supervision of the division or 
shop. The purpose of this chapter is to ac¬ 
quaint the new supervisor with some of the 
more important aspects of shop supervision. 

OBJECTIVES OF SUPERVISION 

Briefly, the objectives of supervision are as 
follows: 

1. To operate with maximum efficiency and 
safety. 

2. To operate with minimum expense and 
waste. 

3. To operate free from interruption and 
difficulty. 

While these are the primary objectives of 
shop supervision, it is well for the man who 
may be assigned these duties to keep in mind 
the fact that his new assignment is important 
to him personnally, since it affords him in an 
excellent opportunity to gain practical experi¬ 
ence toward future promotions. 

OPERATION WITH MAXIMUM 
EFFICIENCY AND SAFETY 

The operational efficiency of a shop is de¬ 
pendent to a large extent upon how conveniently 
the work spaces and equipment are arranged in 
the shop and upon the extent to which the shop, 
files, and equipment are maintained. Equip¬ 
ment in good working order, tools in good 
shape and of the proper type and quantity, and 
an up-to-date file of applicable publications are 
all important factors toward a smoothly running 
aircraft maintenance shop. 

As some equipment becomes obsolete and 
new equipments and new models of equipment 
are phased into the shop inventory, the effi¬ 
ciency will increase to a certain extent, but 
may still be short of the full potential. Making 
a drastic rearrangement to improve the utili¬ 


zation of a single piece of equipment may not 
be economically feasible; however, a drastic 
change which results in improved utilization of 
several equipments may be worthwhile. The 
new shop supervisor will want to make an eval¬ 
uation of the existing shop layout to assure 
himself that he has the most efficient arrange¬ 
ment possible. 

The shop functions may be further smoothed 
by the judicious delegation of authority to in¬ 
dividuals next in seniority to the supervisor. 
The delegation of authority does not relieve the 
supervisor of the final responsibility for work 
accomplishment. It is primarily a means of 
relieving the supervisor of details. A super¬ 
visor who allows himself to become too involved 
with details loses his effectiveness as a super¬ 
visor. 

A supervisor should know his men’s limita¬ 
tions and capabilities in order to get the most 
work out of them. He should exploit the ca¬ 
pabilities of his best men in a twofold manner. 
If at all possible he should assign a well- 
qualified man to do a certain job and add to the 
team other individuals who are less qualified 
but who are professionally ready for advanced 
on-the-job training. 

The supervisor must anticipate the eventual 
loss of his most experienced workers through 
transfers, discharges, etc., and offset this by 
the establishment of an effective and continuing 
training program. In addition to raising the 
skill level of his division, the training program 
will insure that personnel, otherwise qualified, 
will be ready for the advancement in rating 
examinations. 

A shop safety program must be organized 
and administered if the shop is to function ef¬ 
ficiently. Current Navy directives and local 
policies are quite specific as to the establish¬ 
ment of safety training programs. A worker 
is not much good to anyone if he is laid up in 
the sickbay. 

The keeping of accurate and complete rec¬ 
ords is another factor in the efficient operation 
of a shop. This includes records of usage data, 
work accomplished, and personnel progress. 
The most efficient recordkeeper is one who has 
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enough records without having his files bulging 
with useless and outdated material. 

A knowledge of the principles of man-hour 
accounting is necessary in the efficient utiliza¬ 
tion of the manpower available. The supervisor 
should schedule his workload in such a way that 
planned absences of key workers will not un¬ 
duly interrupt the daily routine. When schedul¬ 
ing the workload, he should keep in mind the 
skill level required for the various tasks and 
assign individuals to jobs in such a way that the 
work may still progress if any worker is un¬ 
expectedly absent. 

OPERATION WITH MINIMUM 
EXPENSE AND WASTE 

The efficiency of any operation is directly 
related to the expense involved. The shop su¬ 
pervisor has responsibility for ordering and 
accounting for parts and materials. He must 
impress upon his men the need for being thrifty 
in the use of these materials. There are many 
ways to economize, and the supervisor and his 
senior petty officers should always be on the 
alert for opportunities to point out these ways 
to the less experienced individuals. 

Methods of avoiding waste and unnecessary 
expense should be included in the shop training 
program. 

PROVIDING FOR INTERRUPTIONS 

During an average workday, occasions will 
arise when personnel have to leave their work¬ 
ing spaces for one reason or another, thereby 
delaying the scheduled work. Some delays can 
be anticipated; some cannot. Among the delays 
that can be anticipated are training lectures, 
immunization schedules, flight schedules, rat¬ 
ing examinations, meals, and watches and 
other military duties. 

Before making personnel work assignments 
the supervisor should determine what delays 
can be anticipated. It may be possible to ar¬ 
range assignments so that work interruption is 
held to a minimum. When estimating the com¬ 
pletion time of an aircraft maintenance task, 
the supervisor should allow for these predict¬ 
able delays. 

UNFORESEEN DIFFICULTIES 

Some difficulties are impossible to predict. 
The weather, for instance, cannot be relied 
upon for full cooperation in the maintenance 


effort. The supervisor must have a flexible 
schedule planned to provide for such events if 
he expects to contribute maximum support to 
his unit. The flight schedule itself is seldom 
ever completed without a few changes. Usually 
these changes will involve a rearrangement of 
previously planned maintenance tasks. Again 
the supervisor must be as well prepared for 
such interruptions as possible and be able to 
reassign his men, if necessary, with the least 
amount of confusion and loss of time. 

SHOP ORGANIZATION 

A well-organized shop will provide a safe 
and comfortable working area, allow for maxi¬ 
mum use of space available, and produce the 
most toward the maintenance effort. 

SHOP LAYOUT 

The average Chief or First Class Fire Con¬ 
trol Technician may never have the opportunity 
of planning the layout of an Avionics shop in a 
new facility. In almost every case, the new 
supervisor will take charge of an already func¬ 
tioning division or else, when his squadron or 
unit moves to a new base, he and his crew will 
usually be assigned to spaces already basically 
equipped. In either case, a re-evaluation of 
the shop's layout is indicated. This re-evalua¬ 
tion should include checking the most recent 
applicable allowance lists to see if the shop 
equipment allowances have been changed in any 
way. There is no use relocating equipment 
which involves rewiring work if improved re¬ 
placement models are authorized and available. 

A change in assigned aircraft model desig¬ 
nation may call for a re-evaluation of the shop 
layout. Avionics shops contributing to the air¬ 
craft maintenance program of an F-8 squadron 
may have to be rearranged somewhat if the 
Crusaders are replaced with F-4 aircraft. 

When planning for new installations, the su¬ 
pervisor should utilize the Design Guide for 
Avionics Shop Power Distribution, NavWeps 
01-1A-512. 

The ideal setup contains enough space to 
have all the avionics shops in separate spaces 
in a centrally located area. Since this is not 
always possible, the supervisor must decide 
what shops are to be combined, if any, and in 
what areas of each space the appropriate equip¬ 
ment is to be installed This decision should 
be based on factors of safety, economy, func¬ 
tional compatibility, and convenience. 
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The shop layout plan should make provisions 
for an information or bulletin board upon which 
may be posted safety posters, maintenance 
posters, instructions and notices, plans-of- 
the-day, watch bills and such other information 
as is appropriate from time to time. The bul¬ 
letin board should be located in a prominent 
place in the shop, preferably near the entrance 
where everyone assigned will have to pass at 
some time or another during the day. Material 
on the bulletin board should be changed fre¬ 
quently, expired notices promptly removed, the 
current plan-of-the-day posted early, and other 
posters and materials rotated periodically. If 
the same material is presented in the same 
format every day, it will not be long before the 
men begin to ignore the bulletin board and pur¬ 
poses for having it are defeated. New arrange¬ 
ments are noticed and interest is stimulated 
with variety. 

BENCH ARRANGEMENT 

Following the determination of what shops 
are to occupy what spaces or areas within a 
space comes the arrangement of furniture and 
equipment for the various shops. 

The arrangement of the shop furnishings 
should be made on the basis of utility rather 
than appearance. Moving an item of equipment 
into an out-of-the-way corner may greatly im¬ 
prove the appearance of the shop but at the 
same time reduce the efficiency of personnel 
using the equipment and may possibly create a 
safety hazard. A good rule to follow is to lo¬ 
cate equipment where it can be safely used by 
the greatest number of people with a minimum 
of effort in the least amount of time. 

In view of the fact that standard avionics 
workbenches are normally used in shops where 
actual maintenance and testing of equipments 
are accomplished and that these benches usually 
become fixed in their position (due to test har¬ 
ness and cabling arrangements) there will be 
few benches or worktables to consider. Work¬ 
tables or workbenches that are not permanently 
installed should be positioned with respect to 
fixed equipment so that they can be safely, 
quickly, and easily reached when work is being 
performed that requires their use. In an area 
where intricate maintenance functions are to be 
performed, such as disassembly and repair of 
miniature components, consideration should be 
given to cleanliness and to special interference- 
free type lighting. 

If a separate shop space is not provided for 


classified equipments, then placement of these 
equipments in a section of the shop where the 
physical arrangement provides limited or con¬ 
trolled access is desired. 

SAFETY 

Operational readiness of a maximum number 
of aircraft is necessary if naval aviation is to 
successfully perform its mission. Keeping its 
aircraft in top operating oondition is the prin¬ 
cipal function of naval aviation maintenance per¬ 
sonnel. It is essential that maintenance work 
be performed with a minimum of injury to per¬ 
sonnel and damage to equipment and aircraft. 

Aircraft maintenance is, to some extent, 
naturally hazardous due to the nature of the 
work, the equipment and tools involved, and the 
variety of materials required to perform many 
repairs and maintenance functions. Factors 
which can function to increase or decrease these 
hazards are (1) the experience levels and men¬ 
tal attitudes of assigned personnel, and (2) the 
quality of supervision of the maintenance tasks. 
Thorough indoctrination of all personnel is the 
most important single step in maintaining safe 
working conditions. 

The concept of aircraft maintenance safety 
should extend beyond concern for injury to 
personnel and damage to equipment and air¬ 
craft. Safe work habits go hand-in-hand with 
flying safety. Tools left in aircraft, improper 
torquing of fasteners, and poor housekeeping 
around aircraft can cause conditions which may 
claim the lives of flying personnel as well as 
cause strike damage to aircraft. Safety orrthe 
ground is equally as important as safety in the 
air. 

A recent type commander letter states in 
part, ’'While the increased complexity of our 
modern aircraft is a factor, it is noted that a 
large number of maintenance-error-caused ac¬ 
cidents and incidents are due, not to complex¬ 
ity of equipment, but to lack of supervision and 
technical knowledge. Many mistakes are sim¬ 
ple ones in routine maintenance. ” 

Safety in aircraft maintenance depends 
largely upon the supervisory personnel. The 
standards of quality which they establish are 
directly reflected in the quality of the aircraft 
maintenance. The primary duty of the senior 
petty officers is to supervise and instruct others 
rather than to become totally engrossed in 
actual production. Attempts to perform both 
functions invariably result in inadequate super¬ 
vision and greater chance of error. Supervisors 


Digitized by 


Google 


39 




AVIATION FIRE CONTROL TECHNICIAN 1 & C 


must exercise mature judgement when assign¬ 
ing personnel to maintenance jobs. Considera¬ 
tion must be given to each man’s experience, 
training, and ability. 

Sometimes overlooked in a maintenance pro¬ 
gram are the considerations generally grouped 
under the term ’’human factors. ” These factors 
are important in that they determine if an indi¬ 
vidual is ready and physically able to do work 
safely and with quality. Supervisory personnel 
should be constantly aware of conditions such 
as general health, physical and mental fatigue, 
unit and individual morale, training and experi¬ 
ence levels of personnel, and other conditions 
which can contribute in varying degrees to un¬ 
safe work. Not only is it important that proper 
tools and protective clothing and equipment are 
available for use, but also the insistence by 
maintenance supervisors that they are used is 
of increasing importance with modern high per¬ 
formance aircraft. For example, maintenance 
personnel are sometimes negligent in the wear¬ 
ing of protective hearing devices in high noise 
areas. 

Technical knowledge also plays a large part 
in a good maintenance safety program. The 
complexity of our modern equipment demands 
the attention of well-informed and expert main¬ 
tenance personnel; otherwise, our weapons sys¬ 
tems cannot be operated and maintained. Tech¬ 
nical knowledge is a function of education and 
training which, incidentally, does not end with 
graduation from Class A school. Graduation is 
only the beginning. Any AQ worthy of his rating 
is continually training and learning through 
self-study and application, and through a per¬ 
sonal desire for proficiency and self-betterment. 
But technical knowledge by itself is not suffi¬ 
cient unless it is coupled with an old-fashioned 
craftsmanship that receives gratification and 
keen satisfaction in doing any job well. The 
man who wishes to contribute to safety and re¬ 
liability improvement must know his job and 
must develop professional pride in the quality 
of his work. 

It is a continuing duty of every person con¬ 
nected with aircraft maintenance to try to dis¬ 
cover and eliminate unsafe work practices. 
Accidents which are caused by such practices 
may not take place until a much later date and 
their severity cannot be predicted. The conse¬ 
quences may range from simple material fail¬ 
ure to a major accident resulting in serious in¬ 
juries or fatalities. 

There are several areas in which the shop 
supervisor can effectively work to minimize 


accidents incident to aircraft maintenance. 
Among these are continuing inspections of work 
areas, tools, and equipment; organization and 
administration of safety programs; correct in¬ 
terpretation of safety directives and precau¬ 
tions; and energetic and imaginative enforce¬ 
ment of them. 

ELIMINATION OF HAZARDS 

Most accidents which occur in noncombat 
operations can be prevented if the full coopera¬ 
tion of personnel is gained and vigilance is 
exercised to eliminate unsafe acts. The super¬ 
visor should diligently inspect work areas, 
tools, and equipment to detect potentially haz¬ 
ardous and unsafe conditions and take appropri¬ 
ate corrective action. Since maintenance 
personnel will be working in the shop, in the 
hangar, and on the line all of these areas should 
be included in the supervisor’s inspection. He 
should check for explosion or inhalation hazards 
due to improper ventilation of working spaces, 
or careless handling of materials. 

Spilled oil, grease, and chemicals should 
be wiped up promptly, and all rags used should 
be disposed of in covered metal containers. 

Handtools should be in good shape, of the 
proper type, and used only for the purpose for 
which they were designed. 

Fire hazards present another serious prob- 
blem. "No smoking" rules should be strictly 
enforced. Ground wires should be properly in¬ 
stalled on every aircraft during maintenance to 
eliminate dangerous static electrical buildups. 

GROUNDING 

Grounding power tools and other equipment 
is a must and the supervisor is the man to see 
that this is done. It should not be necessary 
for a technician to be killed to once again em¬ 
phasize the absolute necessity that portable 
power tools and other equipment be properly 
grounded. The importance of installing safety 
grounds to the cases of power tools or equip¬ 
ment must be stressed as a case of life or 
death-that is exactly what it is. 

Another aspect of this problem, which de¬ 
serves attention is a poor safety ground or one 
that is wired incorrectly. This may be more 
dangerous than no ground at all. A poor ground 
is dangerous because it does not offer full pro¬ 
tection, yet it lulls the user into a false sense 
of security. The incorrectly wired ground is a 
hazard because transposing one of the line 
wires and the safety ground makes the shell of 
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the tool "hot” the instant the plug is connected. 
Thus the unwary user is trapped unless, by 
pure chance, the safety ground is connected to 
the grounded side of the line on a single-phase 
grounded system. In this case, the user again 
goes blithely along using the tool until he en¬ 
counters a receptacle which has its wires 
transposed. 

The need for a safety ground is not hard to 
realize when you know that a few years ago 
statistics showed that, over a given period, 50 
percent of the deaths in the Navy due to elec¬ 
tric shock were caused by 115-volt electric 
potentials. 

The reason for this high percentage is as 
follows: When the current through the body 
nears 100 milliamperes, death is almost cer¬ 
tain. The body resistance, assuming dry skin, 
varies from about 1,000 to 500,000 ohms. With 
a 115-volt potential, a body resistance as low 
as 1,150 ohms can produce the necessary 100 
milliamperes. With perspiration or water on 
the victim’s hands, the body’s resistance can 
go as low as about 300 ohms, resulting in a cur¬ 
rent of 384 milliamperes, which is normally 
lethal. 

Portable power tools afford you an excellent 
opportunity to become part of a circuit. For 
example, if the motor winding is shorted to the 
case, the case will be at the same potential as 
the power applied. Then the path of least re¬ 
sistance may be you. 

These facts caused SecNav to formulate the 
policy of grounding any exposed, noncurrent¬ 
carrying parts of electrically operated equip¬ 
ment powered from supply circuits of more 
than 50 volts. Several safety measures have 
been adopted to implement this policy. 

In an effort to make certain that a safety 
ground is used, a requirement has been estab¬ 
lished for a 3-wire, color-coded cord with a 
polarized plug having a ground pin. 

Since the polarized plug can be connected 
only to a mating receptacle, the user has no 
choice but to use the safety ground. (Adapters 
to change three-prong plugs to two-prong plugs 
are sometimes furnished, but they should never 
be used with power tools.) Supervisors should 
insure that the ground pin is not removed from 
the polarized plug. The color coding has been 
standardized to conform with the National Elec¬ 
tric Code. All new tools which are properly 
connecteduse a green wire as the safety ground. 
The wire is attached to the metal case of the 
tool at one end and to the grounding pin in the 
connector at the other end. It normally carries 


no current, being used only when the tool in¬ 
sulation fails to bypass the current around the 
user to ground. Black and white leads are used 
as the current-carrying conductors: the white 
lead is the power ground of a single-phase sys¬ 
tem, and the black lead is hot. 

The three-pin plugs and their receptacles 
have been designed to minimize the possibility 
of incorrect wiring. Looking at the end of a 
plug, you will notice that the pins are con¬ 
structed so that they can be put into the recep¬ 
tacle in only one position. The ground pin is 
the longest and therefore will mate first and 
break last, insuring that the safety ground is 
connected at all times when power is applied to 
the circuit. In addition, the plugs are usually 
color coded. The three-prong plugs ordered 
under FSN N5935-280-2380 (Connector Plug, 
Electrical) have color-coded screws: The 
terminal screw on the safety ground prong is 
painted green; the neutral prong and screw are 
silver; and the terminal screw on the hot pin is 
brass. Thus, there should be no confusion 
when installing this type of plug. 

One fact must be kept in mind when install¬ 
ing safety ground hardware. Although all port¬ 
able power tools need this feature, some items 
of sensitive test equipment should not have 
their cases grounded. Grounding the case of 
some VTVM’s, for instance, creates a possible 
ground loop which will support spurious signals, 
thereby hindering measurement accuracy. 

If a cable requires replacing, be certain to 
replace it with the proper color-coded cord; 
and make sure that the green conductor is con¬ 
nected to the shell of the equipment. If the 
shell consists of more than one piece, make 
sure that all pieces are connected. Clean off 
any paint, and scrape the metal beneath it to 
make a clear, clean surface at the point of con¬ 
nection. 

When it is necessary to use an extension 
cord, use only the type that has a grounded plug 
attached to one end and a grounded receptacle 
(suitable for connecting to the grounded tool 
plug) on the other. 

If the tool or equipment is adequately 
grounded through a supporting bracket or bulk¬ 
head fastener, you need not use the ground 
cable. For your own protection, however, you 
should check the resistance to ground with a 
low-reading ohmmeter to be certain that the 
grounding is adequate (less than 0.1 ohm is 
acceptable). If the resistance indicates greater 
than 0.1 ohm, use either a separate ground 
strap or a three-wire cord; and check the 
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ground connection to be certain of a good 
contact. 

When installing a new cord or checking the 
tool for safety, examine the cord connections 
carefully. The cable wires should terminate in 
a standard crimped or solder type lug or con¬ 
nector; or, if stranded wire is used without a 
lug, the ends should be solder dipped. Form 
the wire into a loop (in the direction of the screw 
rotation) around the connecting screw; and 
make absolutely certain that no loose, fine 
strands of the flexible wire cord protrude to 
cause an accidental contact with the shell of the 
tool, receptable, or plug. 

High Voltage 

All radars employ voltages which are dan¬ 
gerous and may be fatal if contacted. Practical 
safety precautions have been incorporated into 
every radar system; however, when the most 
basic rules of safety are ignored, the built-in 
protection becomes useless. 

The following rules are basic and should be 
followed at all times by all personnel when 
working with or near high voltage circuits: 

1. CONSIDER THE RESULT OF EACH 
ACT-There is absolutely no reason for an in¬ 
dividual to take chances that will endanger his 
life or the lives of others. 

2. KEEP AWAY FROM LIVE CIRCUITS- 
Do not change tubes'or make adjustments inside 
the equipment with high voltages on. 

3. DISCHARGE HIGH VOLTAGE CIRCUITS- 
Insure that all high voltage circuits are com¬ 
pletely discharged before working on/around 
the components. Even though the equipment 
has not been turned on recently the danger still 
exists. 

4. DO NOT SERVICE ALONE - Always serv¬ 
ice equipment in the presence of another person 
capable of rendering assistance or first aid in 
an emergency. 

5. DO NOT TAMPER WITH INTERLOCKS- 
Do not depend on interlocks for protection; al¬ 
ways shut down equipment. Never remove, 
short-circuit, or tamper with interlocks ex¬ 
cept to repair the switch. 

6. DO NOT GROUND YOURSELF-Make 
sure you are not grounded when adjusting equip¬ 
ment or using measuring equipment. Use only 
one hand when servicing live equipment. 

7. DO NOT ENERGIZE EQUIPMENT-If 
there is any evidence of water leakage; repair 
the leak and wipe up the water before energizing. 

These rules, teamed with the idea that "volt¬ 


age is not a respecter of persons" and that per¬ 
sonal caution is your greatest safeguard, may 
prevent serious injury or even death. 

ORGANIZATION AND ADMINISTRA¬ 
TION OF SAFETY PROGRAMS 

In accordance with the Navy policy of con¬ 
serving manpower and material, all naval ac¬ 
tivities are required to conduct effective and 
continuous accident prevention programs. The 
organization and the administration of a safety 
program are part of the requirements of the 
supervisor. The safety program must be in 
accordance with local instructions and based 
on information contained in the Navy safety pre¬ 
cautions manuals which are presently undergo¬ 
ing a revision. Work methods must be adopted 
which do not expose personnel unnecessarily to 
injury or occupational health hazards. Instruc¬ 
tions in appropriate safety precautions are 
required to be given and disciplinary action 
taken in case of willful violations. 

The shop safety program will generally in¬ 
volve three areas of attention-the posting of 
the most important safety precautions in ap¬ 
propriate places, the incorporation of safety 
lessons in the formal training program, and 
frequent checks for understanding during the 
day-to-day supervision of work. 

Posted safety precautions are more effec¬ 
tive if they may be easily complied with; for 
example, a sign on the RADAR test bench reads 
"ground high voltage of PFN before working on 
or near modulator." Thus, a high voltage dis¬ 
charge probe should be properly installed in a 
convenient location. 

Fixed posters and signs should be renewed 
frequently and not allowed to become rusty, 
faded, or covered with dust and dirt. General 
safety posters on bulletin boards and other 
places should be rotated often to stimulate in¬ 
terest. Appropriate safety posters may be ob¬ 
tained from the squadron or unit safety officer. 

The formal safety training sessions should 
utilize films, books, visual aids, or any other 
suitable technical material. The men should be 
told more than just what or what not to do. Each 
safety subject should be explained in detail. 
The results of unsafe acts are usually the most 
dramatic and easiest remembered. Causes of 
accidents and contributing factors should be 
reviewed and analyzed. Many good ideas for 
accident prevention have been developed in 
training sessions. 

An extensive series of lessons may be 
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developed over a period of time as latent haz¬ 
ards are recognized, and this will aid in keep¬ 
ing the sessions interesting while avoiding too 
frequent repetition. 

It may be well to mention the new man in the 
shop at this point. A separate safety indoctri¬ 
nation lesson which covers all the major haz¬ 
ards of the shop should be given the new man 
as soon as he reports for work. The supervisor 
with an effective safety program and an excel¬ 
lent shop safety record will take steps neces¬ 
sary to make sure that the new man is properly 
instructed, so as to prevent his being hurt. 

In the third area of safety program adminis¬ 
tration-followup, the supervisor will do well to 
delegate authority to his subordinate petty offi¬ 
cers to assist him in monitoring the program. 
Also included in the followup area is a responsi¬ 
bility of the shop supervisor to inquire as 
quickly and thoroughly as possible into the cir¬ 
cumstances of accidents and reports of unsafe 
practices and take action or make recommenda¬ 
tions. 

Safety precautions are designed to cover 
usual conditions in naval activities. Command¬ 
ing officers and others in authority are author¬ 
ized to issue special precautions to their com¬ 
mands to cover local conditions and unusual 
circumstances. The shop supervisor will have 
to apply both sets of rules in the administration 
of his shop safety program. 

Safety directives and precautions should be 
followed to the letter in their specific applica¬ 
tion. Should any occasion arise in which any 
doubt exists as to the application of a particular 
directive or precaution, the measures to be 
are those which will achieve maximum safety. 

When new safety posters or precautions are 
posted, it is the responsibility of the shop su¬ 
pervisor to correctly interpret their application 
to his men. In this way he will be able to 
achieve a unity of thought and action in the ob¬ 
servance of the required safety rule. 

The organization’s safety officer is avail¬ 
able to assist in interpreting and suggesting 
ways of implementing various safety directives 
and precautions. Current directives require 
that a safety officer or safety engineer be as¬ 
signed as head of the safety department, divi¬ 
sion, branch, or section, whichever is applic¬ 
able, at all shore stations. 

In most instances the hazards involved and 
the applicable precautions for a given type of 
work are the same whether the work is done 
afloat or ashore. 


RADIOACTIVE TUBES 

Radioactive material is used in quite a num¬ 
ber of spark gap, TR, glow lamp, and cold 
cathode tubes. 

In many cases the personnel charged with 
maintenance of equipment that contains radio¬ 
active material are not aware that they are 
handling radioactive matter. Even if they do 
know, they are quite likely to take the matter 
too lightly. 

Radioactive materials are intentionally ad¬ 
ded to the tubes to produce a continuous supply 
of ionized particles in the tubes. This assures 
that the tubes will always operate at the same 
voltage. 

The radioactive material causes the tube to 
produce a continuous supply of ionized particles 
whether the tube is in storage, in transit, in the 
equipment, or in disposal containers. The gen¬ 
eral concept is that ionization occurs only when 
the keep-alive voltage is applied to the tube. 
This is fallacious, since the voltage only in¬ 
creases the rate of ionization; it does not affect 
the rate of decay of the radioactive material. 

Radiological Hazards 

Radioactive tubes, as normally used and 
stored aboard stations and ships, do not subject 
personnel to a dangerous amount of external 
radiation. As long as the radioactive tubes are 
not broken, the hazard is slight; but as soon as 
the tubes are broken, the hazard is increased 
because internal radiation is then possible by 
inhalation of radioactive materials. However, 
they should be handled very carefully to pre¬ 
vent breakage; also, it is recommended that 
technicians do not remove radioactive tubes 
from cartons until they are ready to be used. 
This will preclude the possibility of the accu¬ 
mulation of unpacked tubes and help prevent 
accidental breakage. 

Handling Broken Tubes 

When a radioactive tube has been broken, it 
is advisable to observe the following rules, 
which apply when any material is contaminated 
by radioactivity: 

1. Contact a medical officer. 

2. Never permit any material contaminated 
by radioactivity to come in contact with any 
part of the body at any time. Wear rubber or 
plastic gloves at all times when it is necessary 
to handle radioactive wastes or broken radio¬ 
active parts. 
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3. Do not bring food or drink into the con¬ 
taminated area or near any material that is 
radioactive. 

4. Immediately after leaving the contami¬ 
nated area, if you have handled radioactive 
material in any way, remove any clothing which 
might have become contaminated, and wash 
your hands and arms thoroughly with soap and 
water, especially before eating, drinking, or 
smoking. 

Disposal 

In order that the Atomic Energy Commis¬ 
sion (AEC) shall have cognizance of all disposal 
areas, amounts deposited in each area, and 
disposal procedures, SecNav Instruction 4555.1 
directs that all naval activities shall dispose of 
radioactive waste by transferring them to an 
activity licensed by the AEC or to an AEC land 
disposal site, except in certain cases which are 
described in the instruction. 

In general, radioactive electron tubes should 
not be disposed of individually, but should be 
collected in a designated container with a tight- 
fitting lid and suitable markings until a reason¬ 
able quantity for disposal has been gathered. 

Tube and Container Markings 

There are two types of marking or labeling 
of commodities and their containers, based on 
the level of activity of the radioisotope con¬ 
tained. Detailed information concerning the 
requirements of these markings and a list of 
the radioactive isotopes can be found in MIL- 
M-19590C. 

Type I or type n markings must be placed 
on the radioactive source enclosure and on each 
surrounding container so that the presence of 
the radioactive material can be readily recog¬ 
nized and its location determined. 

The color of both type I and type II symbols 
and the words "DANGER" and "CAUTION” will 
be magenta on a yellow background. Type I 
marking is as shown in figure 3-1. The words 
"controlled disposal required" mean that, as 
directed by SecNav Instruction 4555. 1, naval 
activities must dispose of radioactive wastes 
through organizations licensed by AEC or 
through AEC land disposal sites whenever 
practicable. AEC controls the disposal loca¬ 
tions and the amount of radioactive material 
deposited at each location in order to reduce 
potential hazards to the public. 



AQ.3 

Figure 3-1.-Type I marking. 

Type II marking is shown in figure 3-2. The 
words "accountability required" means that 
each organization that uses and/or stocks radio¬ 
active tubes must keep records showing the 
receipt, transfer, export, and disposal of such 
items in accordance with existing instructions. 
For special instructions concerning type n 
marking, refer to MIL-M19590C. 

CARE OF TOOLS AND 
TEST EQUIPMENT 

One of the problems of the supervisor will 
be the care and proper use of tools and test 
equipment. It is sometimes difficult for some 
men to realize the need of a special effort in 
the care of the tools and other equipment nec¬ 
essary in the performance of their work. There 
are two main reasons for taking special care of 
these items: First, maintenance would be im¬ 
possible without them; and second, they are 
costly and therefore are sometimes in limited 
supply. 
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RADIOACTIVE MATERIAL 
SPECIFICALLY LICENSED BY USAEC 
ACCOUNTABILITY REQUIRED BY LAW 

Radioisotope(s)_ Cobalt 60(Co 60) _ 

Quantity _ 4.75 Microcuries _ 

(Microcuries, Millicuries, or Curies) 

Date determined December _12*2_ 

(Month, Year! 


AQ.4 

Figure 3-2. -Type II marking. 

The care of these items includes using them 
only for the purpose for which they were de¬ 
signed. A case in point is the use of the 
"Phillips” and "Reed and Prince" screwdrivers 
interchangeably. Most technicians have seen 
the tool and equipment damage caused by this 
malpractice. Other items such as soldering 
irons and guns, files, test leads, and small 
meters are among those which receive the most 
abiise. 

Test equipment is expensive and delicate; 
therefore, the care and proper use of this 
equipment will be of great concern to the super¬ 
visor. If the care of such equipment is not em¬ 
phasized, it will soon deteriorate to a point 
where it is useless and, in fact, may even be¬ 
come dangerous. Insure that all test equipment 
is calibrated in accordance with the Naval Air 
Systems Command calibration program, NavAir 
Instruction 4355.4. Meter leads must be prop¬ 
erly stowed to prevent loss or damage; and if 
a cover is provided, it should be installed when 


the meter is not in use. 

A system of stowing tools and other equip¬ 
ment must also be devised. The place for all 
tools should be marked, and everything not be¬ 
ing used should be returned to its proper place. 
Toolboxes issued to shop personnel should con¬ 
tain a duplicate inventory list of tools issued 
with the box. The original should be kept in 
the shop files. Periodic inventory of these 
toolboxes is necessary since it is impossible to 
operate without an occasional loss or damage 
of tools. 

TRAINING OF PERSONNEL 

Training of personnel is a necessary function 
and one of the most important responsibilities 
of the supervisor. Even if a supervisor is for¬ 
tunate enough to have a group of men who are 
highly skilled and well trained, he will find that 
training is still necessary. For example, the 
training of strikers and lower rated men for 
advancement in rating examinations is a con¬ 
tinuing, never ending process. The Navy rota¬ 
tion policy being what it is, all men will even¬ 
tually be transferred and replacements will be 
received aboard. The replacements will, in 
most instances, require training before they can 
be relied on to take their places as effective 
members of the shop organization. These and 
similar problems require the supervisor to be 
well versed in the several aspects of training- 
able to set up as well as conduct an effective 
training program for assigned personnel. 

ORGANIZING A TRAINING PROGRAM 

Organizing a shop training program involves 
such considerations as determining objectives 
of the training program, selecting and qualify¬ 
ing instructors, making arrangements for 
classroom space, phasing the training program 
with the scheduled workload, procuring training 
aids, and determining teaching methods for each 
lesson or lesson series. 

The subject matter areas to be included in 
the shop training program are (1) material re¬ 
lating to maintenance of aircraft supported, (2) 
general material required by the men for ad¬ 
vancement in rating examinations, and (3) ma¬ 
terial relating to safety. In most cases lessons 
will fall under more than one of the subject 
areas. 

Once it has been determined what publica¬ 
tions will adequately cover the subject areas, 
the material must be divided into lessons, and 
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lesson guides prepared. It will be very helpful 
to assign numbers to the lessons and provide a 
personnel training progress record for each in¬ 
dividual. These will provide a handy index to 
the state of training of the shop personnel as a 
whole. 

Whether the shop supervisor teaches the 
lessons himself or assigns other petty officers 
to conduct them depends on the state of training 
of his first and second class petty officers. A 
requirement for advancement for third class 
petty officers and nonrated personnel is satis¬ 
factory completion of the correspondence course 
based on Military Requirements for Petty Of¬ 
ficer 3 & 2 NavPers 10056-B. Chapter 9 in that 
text book sets forth some of the basic princi¬ 
ples of training in general and teaching in par¬ 
ticular. 

An advancement requirement for second and 
first class petty officers is satisfactory com¬ 
pletion of the correspondence course based on 
Military Requirements for Petty Officer 1 & C, 
NavPers 10057-B. The latter text expands and 
amplifies training theory and introduces job 
analyses, training aids, and testing. For the 
first time in his career the prospective First 
Class AQ is required to demonstrate his ability 
to formally teach, use various training aids, 
and prepare and administer written tests. In 
order to demonstrate correct instructional 
techniques the shop supervisor may elect to 
teach certain lessons himself or assign them 
to a competent instructor for the same purpose. 
Later he may assign less proficient petty of¬ 
ficers as instructors so that they may acquire 
the experience necessary for completing their 
practical factors for advancement. 

If at all possible, training sessions should 
be conducted at the same time of day and on a 
regular schedule. Factors to consider when 
scheduling lessons are usual flight schedules, 
meal hours, watches, availability of class¬ 
rooms, and aircraft inspection schedules. 

Some lessons are better suited for one type 
of instructional technique than others. The type 
of presentation for each lesson should be planned 
in advance. This will also facilitate the rota¬ 
tion of the lessons among the petty officers who 
require experience in teaching. 

The effectiveness of aviation technical train¬ 
ing is greatly enhanced by the use of training 
aids. The shop supervisors should always be 
on the alert for material that can be utilized as 
training aids. He must be aware of the exist¬ 
ence of applicable training films and, if they 
are available, schedule them for showing in 


conjunction with specific lessons. The squadron 
or unit training officer may usually be depended 
on to supply training aids in support of shop 
safety presentations. 

WTien planning a training program, the su¬ 
pervisor should decide where the classroom 
sessions should be conducted. The space se¬ 
lected should preferably be in a quiet area or 
at least one with a minimum of noisy distrac¬ 
tions. The area should be large enough to ac¬ 
commodate the expected student load and be 
well lighted. Adequate ventilation will help 
keep the men awake and interested in the pre¬ 
sentation. Convenience is another factor in the 
selection of classroom space. Some of the de¬ 
sirable space characteristics may, on occasion, 
have to be sacrificed in order to find a class¬ 
room nearer to the working area. 

Training procedures are of two general 
types-formal training which can be scheduled, 
and informal training which cannot be scheduled. 


Formal Training 

Formal training is normally conducted in the 
classroom through lectures, supplemented by 
required reading and implemented by the use of 
all available visual aids. The schedule is pre¬ 
pared and published periodically by the mainte¬ 
nance officer. It lists the time of the training, 
the location of the classroom, names of the men 
who are to attend, subject of the lesson, and 
the name of the instructor. 

Lesson guides are prepared by the division 
officer and chief or first class petty officers 
who are qualified to do so. The lesson guides 
should contain the title, objective(s), time to be 
consumed in presenting the lesson, list of in¬ 
structional aids, list of references, outline for 
presentation, and a summary of the lesson. 

When a petty officer has been assigned to in¬ 
struct a given lesson, it is his responsibility to 
procure a copy of the lesson guide and from it 
prepare his lesson plan. Lesson plans are pre¬ 
pared by each individual instructor, based on 
the lesson guide; and though they may differ 
from instructor to instructor, they must ade¬ 
quately cover the subject. 

SPECIALIZED TRAINING. -At most major 
naval air stations there will be a Naval Air 
Maintenance Training Group which offers 
courses of varying lengths on specific aircraft 
and systems. These courses are normally 
made available through the replacement air 
wing training division. 
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Some Naval Air Rework Facilities offer 
special courses on repair of certain electronic 
equipments. These, as well as other C-type 
courses, provide the supervisor with a source 
of specialized formal training that the man may 
attend on a returnable basis. 

In addition to the courses mentioned previ¬ 
ously, engineers (NAESU) of the Naval Aviation 
Engineering Service Unit are ready, willing, 
and able to assist in training of maintenance 
personnel. These people usually have the latest 
"Hot Dope" and should be consulted at frequent 
intervals. 

Informal Training 

Informal training is the practical instruction 
of men in the performance of maintenance tasks 
by means of demonstration and imitation under 
personal supervision in the shop or on the op¬ 
erating line. Nearly every maintenance task 
that is undertaken presents an opportunity for 
on-the-job training. The experienced men of 
the division are utilized as fully as possible in 
demonstrating and imparting their skills to the 
less experienced. 

Under this system, the trainee has the op¬ 
portunity to actually do the job under the super¬ 
vision of an experienced petty officer. The only 
equipment necessary is the job itself. It is 
necessary, of course, that the instructor have 
an interest in the job and the skill to do it well. 
The striker or trainee will learn by seeing the 
job performed, and he will gain experience by 
having a chance to participate in the accom¬ 
plishment of the job. 

The nature of informal training makes reg¬ 
ular scheduling impracticable. Actually, it is 
done at every opportunity. A training syllabus 
is prepared under the guidance of the mainte¬ 
nance officer, with content and scope corre¬ 
sponding with practical factor requirements of 
the personnel. On-the-job training is reported 
by the leading petty officer instructors and shop 
supervisors to the division officers on the train¬ 
ing syllabus at regular intervals so that a close 
watch may be made on individual progress. The 
records are for review by higher authority and 
will point out the need for training in special 
areas as well as certain practical factors. The 
degree of success in on-the-job training depends 
on the degree of recognition by each individual 
of his responsibility to his outfit to impart his 
skill and knowledge to the man who is trying to 
learn. 


TRAINING RECORDS 

Since all men are not present at each un¬ 
scheduled training period nor do they attend the 
same scheduled classes, it is apparent that they 
will become trained to different levels on dif¬ 
ferent equipment. Obviously the supervisor 
must see that a record is carefully kept on each 
man, with an entry made each time he under¬ 
goes instruction. 

Methods of recordkeeping are many and 
varied, but it is best to keep them in the most 
simple and easy-to-read form. The more elab¬ 
orate the system, the more difficult it is to 
maintain. There are standard forms available 
which can be used for planning as well as for 
record purposes. These forms are designed to 
reduce recordkeeping to a minimum. Detailed 
information concerning recordkeeping methods 
can be found in Military Requirements for Petty 
Officer 1 & C, NavPers 10057-B. 

JOB PRIORITY 

Determining which jobs are to be performed 
first is one of the major responsibilities of the 
supervisor. This is an important phase of the 
maintenance operation because it will determine 
the use of facilities, men, material, and other 
equipment. The two major factors to consider 
when determining which job should come first 
are time and personnel required to complete 
the job. 

Probably the most important single aid in 
estimating time and personnel requirements for 
aircraft maintenance tasks is the Periodic 
Maintenance Requirements Manual with its re¬ 
lated cards, charts, and forms. Extensive time 
and motion studies of the various inspection re¬ 
quirements have been made and completion 
times are furnished in man-hours or man- 
minutes. These times also reflect routine 
maintenance, adjustment, and replacement if 
required in connection with the aircraft inspec¬ 
tion. They are calculated on the basis that the 
most efficient number of men are continuously 
employed and that all necessary equipment, 
tools, and parts are immediately available. The 
supervisor must consider all these factors from 
the knowledge of his individual personnel, sup¬ 
ply, and equipment situation, together with an 
accurate determination of the extent to which 
the maintenance task at hand exceeds the in¬ 
spection requirements if he is to reliably pre¬ 
dict the completion time. While this procedure 
may seem rather involved at first, the new 
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supervisor will find that it is based on sound 
management principles and that, with experi¬ 
ence, his ability to accurately predict time and 
personnel requirements will speedily improve. 

SCHEDULING 

If possible, the supervisor should avoid 
scheduling several jobs that may require iden¬ 
tical tools and equipments to be performed at 
the same time. This often results in confusion 
and loss of time. 

It is also important to schedule activities so 
that work is accomplished in the proper se¬ 
quence. This is especially important if men 
are working on several different phases of the 
same job. 

Time must be allowed in the schedule for 
assignment of future routine work. This may 
make it necessary to rearrange the present 
schedule to insure th& special jobs will not in¬ 
terfere with the accomplishment of this work. 

ASSIGNMENT OF PERSONNEL 

Work assignments should be rotated so that 
each man will have an opportunity to develop 
his skills in all phases of the work. When as¬ 
signments are rotated, the work becomes more 
interesting for the men. Another good reason 
for rotating work assignments is that if one 
highly skilled man performs all the work of a 
certain type, the supervisor and the shop would 
be at a great disadvantage in the event the man 
is transferred from the shop. Less experienced 
personnel should be assigned to work with him 
in order to become proficient in his particular 
skiU. Also, in order to broaden his knowledge 
of his rate, the expert on one job should be ro¬ 
tated to other tasks when there is no immediate 
need for his particular skill. 

Strikers should be assigned to various tasks 
so that they will acquire experience on all kinds 
of jobs. A special consideration for the assign¬ 
ment of strikers to jobs is that they should be 
assigned progressively to jobs of ascending 
levels of difficulty. A striker may be a useful 
assistant on a complicated job, but he may not 
understand what he is doing unless he has 
worked his way up from basic tasks. 

CHECKING PROGRESS AND 
EVALUATING PROCEDURES 

The assignment of work is only the beginning 
of job processing. The man in charge must 


know his men and have a fairly good idea of 
each man’s skills and abilities. He must also 
be aware of each man’s knowledge regarding the 
operation of equipment and the accomplishment 
of repair work. 

The best way in which the supervisor can 
obtain this knowledge is to make frequent in¬ 
spections and check the progress of work being 
performed. In that way he will have a good idea 
as to which jobs, or which men, will require 
the most supervision. 

When checking the progress of work, the su¬ 
pervisor should make sure that the men are 
observing proper safety precautions in regard 
to themselves and the equipment they are oper¬ 
ating. In addition, he should see that each man 
is using the proper tools, and note the quality 
of the work being performed. 

In case of any doubt, he should check to see 
that his instructions are understood and that the 
work is being performed correctly. If neces¬ 
sary, he should provide additional instructions 
to give a better understanding of the job or to 
improve workmanship. By frequently talking to 
the men and answering their questions, the su¬ 
pervisor can prevent time and material waste, 
as could be the case if he were not available to 
give the correct details. 

Complications may develop on some repairs 
which may require additional planning and re¬ 
vised repair procedures. By observing the 
progress of the various jobs, and whether they 
are ahead or behind the planned schedule, the 
supervisor will be able to change the schedule 
in order to prevent any major work stoppage. 

INSPECTING COMPLETED WORK 

When a job has been completed, the man in 
charge is responsible for inspecting and approv¬ 
ing the work. Inspection is necessary to insure 
that the repair job or the replacement parts will 
be satisfactory. A thorough inspection normally 
requires that it be accomplished both visually 
and by means of measuring instruments. In ad¬ 
dition, specific operational tests are performed 
to check the condition of repaired equipment. 

The supervisor is responsible for determin¬ 
ing whether the repair job, including replace¬ 
ment parts, meets the following standards: 

1. Have the repair parts been correctly in¬ 
stalled in accordance with instructions? 

2. Is the repaired item or replacement part 
free from defects in material and workmanship? 

3. Have all parts or accessories to the re¬ 
paired equipment been replaced or reinstalled 
correctly? 


48 


Digitized by Google 


$ 



Chapter 3-SUPERVISION RESPONSIBILITIES 


4. Has the proper replacement part been 

used in malting repairs? 

5. Has the part or item been properly 
checked and certified ready for service? 

The existence of a properly functioning quality 
assurance division in no way decreases the re¬ 
sponsibility of the shop supervisor for the qual¬ 
ity of work accomplished. Since the work was 
performed by shop personnel under the direct 
supervision of the senior man, the quality of 
the work is fundamentally a shop responsibility. 

CHANGES AND BULLETINS 

Changes and bulletins, are eventually issued 
to the shop responsible for the subject equip¬ 
ment in the form of maintenance instructions. 
These instructions prepared by the division of¬ 
ficer with the aid of the division or shop super¬ 
visor, are an interpretation of the directive. It 
then becomes the responsibility of the super¬ 
visor to instruct and supervise the installation, 
marking, and recording. 


ACQUIRING AND INSTALLING 
CHANGE KITS 

Change kits are not normally ordered di¬ 
rectly by the shop concerned. When a directive 
is received requiring a change kit, maintenance 
control or designated personnel of the mainte¬ 
nance division, with the assistance of the shop 
supervisor, if requested, will order the kit. 

Installation of change kits is governed by the 
directive concerning the change or bulletin. 
Some must be installed immediately in the event 
safety is involved. Others have specified time 
periods allowed as determined from the direc¬ 
tive. In any case they should be installed as 
soon as practicable so as to take advantage of 
the new configuration. The supervisor must 
insure that workmanship is of the highest cali¬ 
ber, that accepted electrical and electronic 
installation practices are adhered to, and that 
detailed instructions, when included, are fol¬ 
lowed precisely. 


MARKING EQUIPMENT 
AND RECORDING 

Change kits are normally ordered and issued 
against an aircraft bureau number. This means 


that marking the equipment and keeping com¬ 
plete and up-to-date records is necessary to 
prevent confusion and loss of time. If correct 
marking and recording of equipment changes are 
not kept current, it could affect aircraft avail¬ 
ability and scheduling. 

Information concerning the type and manner 
of marking equipments in which a change has 
been installed is described under the directive 
heading "identification”. In some cases the di¬ 
rective refers to Electronic Material Bulletin 
1-54 as the source of information for identifica¬ 
tion markings. In all cases marking must be 
accomplished at the time the change has been 
installed. 

If a change is made to plug-in assemblies or 
subassemblies which are interchangeable be¬ 
tween equipments, the identification marking 
must be applied to the chassis of these assem¬ 
blies or subassemblies. In addition, this iden¬ 
tification marking is also to be placed on the 
front panel of the equipment. 

No markings are to be applied to dust covers, 
cases, mounting bases, etc., unless a change 
is made to these specific items. A material 
marking kit for use by maintenance activities 
may be obtained through normal supply chan¬ 
nels, although most change kits include the 
necessary equipment for marking. 

After the change has been correctly installed 
and the equipment properly marked, records 
must be made to reflect the change. Recording 
is accomplished by the use of history cards, 
file copies of maintenance instructions (SAMI, 
CAMI, etc.), and aircraft logbooks. 

If the equipment has a history card, this 
card should be kept current. History cards can 
be used as a quick reference to equipment con¬ 
figuration; however, if history cards are not 
required and not used, the file copy of the main¬ 
tenance instruction will serve the same purpose. 
When directives require a logbook entry, these 
entries are recorded by the persons in mainte¬ 
nance control assigned this responsibility. 

The main thing for the supervisor to keep in 
mind is that a record of these changes must be 
kept, for without them there will be nothing but 
confusion. 
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CHAPTER 4 


AVIONICS MAINTENANCE SUPERVISION 


Avionics maintenance in the Navy is big busi¬ 
ness and a big problem. It involves thousands 
of different materials, components, equipments, 
and systems. More important, it involves trained 
manpower. 

How well any piece of equipment performs 
depends upon the ability of the men who operate 
and maintain it. If these men cannot maintain 
the equipment at the desired level of operation, 
its usefulness descends toward and often ap¬ 
proaches zero. Malfunctions in avionics equip¬ 
ment are hazardous. They are not only haz¬ 
ardous to flight personnel, but can also result 
in the damage or destruction of valuable air¬ 
craft. 

Maintenance should be preventive in nature, 
where potential failures are detected and cor¬ 
rected before they have an opportunity to de¬ 
velop into complete equipment breakdown. 
Timely replacement of parts exhibiting evidence 
of failure will help prevent breakdown and will 
lengthen the useful life of the equipment or 
system. 

EVALUATING DISCREPANCIES 

Since it is impossible to prevent all equip¬ 
ment failures or malfunctions through preven¬ 
tive maintenance, there is a need for corrective 
maintenance. This type of maintenance requires 
the application of intelligent evaluation and 
troubleshooting procedures. In order that maxi¬ 
mum efficiency be realized, it is of utmost im¬ 
portance that evaluation of discrepencies be 
carried out in logical sequence. When the mal¬ 
function occurs during flight, this should begin 
with a debriefing of the flight crew. 

DEBRIEFING FLIGHT CREWS 

When operating complex weapons systems 
an operator-maintenance debriefing procedure 
is necessary. A detailed debriefing of the flight 
crews' experiences and a complete analysis of 
the reported discrepancies are desired. Many 
man-hours can be saved by knowing what the 
trouble is and what is required to correct it be¬ 
fore scheduling any maintenance action. 


The physical location for the debriefing will 
vary and is usually designated by maintenance 
control. For squadrons operating ashore, de¬ 
briefing can be accomplished in the "line shack" 
during or immediately after the time the flight 
crew completes the "yellow sheet." Sometimes 
the location of the fire control shop will be such 
that it can be used to better advantage. Onboard 
ship the readyroom is normally used for this 
purpose since it is the place from which squadron 
operations are directed. 

In order to obtain the most from the debrief¬ 
ing, the supervisor should insure that it is con¬ 
ducted in an efficient manner by the most ex¬ 
perienced and best qualified technicians. 

OPERATIONAL CHECKS 

An operational check of a system can aid in 
analyzing a discrepancy and will often pinpoint 
the trouble to a particular unit. In some cases, 
it might disclose improper operating proce- 
dures-especially in newer type equipment. 

Reliance alone on visual observation to judge 
the range capability and data accuracy of radar 
systems has been found to be so inaccurate as to 
be completely valueless. Numerous tests made 
on radar equipments in the field strongly em¬ 
phasize this fact. In one instance, the perform¬ 
ance of approximately 100 different systems was 
carefully measured with test equipment of known 
accuracy. In each case, the system under test 
was considered to be in normal operating con¬ 
dition by the radar personnel concerned. 

The results of these tests revealed that on 
the average the maximum effective range of the 
radar equipments under test was only ONE- 
HALFthe maximum range possible if the equip¬ 
ments had been operating at peak efficiency. In 
fact, five radar sets were found to be operating 
at less than 10 percent of their possible maxi¬ 
mum range, which means, in effect, that these 
radars were protecting only 1 percent of their 
assigned tactical areas. Since such poor per¬ 
formance as demonstrated by these tests may 
have serious wartime consequences, it should 
readily be seen that performance testing is of 
the utmost importance in radar work. 
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Investigation of the cause of this unsatisfac¬ 
tory situation showed that many technicians are 
not sufficiently familiar with the techniques and 
procedures necessary to test microwave-radar 
systems properly. The use of portable test equip¬ 
ment, built-in meters, and special test equip¬ 
ment installed in some types of aircraft will aid 
in making a performance test of the system in 
the aircraft. 

Minimum Performance Testing 

Along with other maintenance information, 
minimum performance testing is covered in de¬ 
tail in the Service Instruction Manual for each 
particular type equipment. This information 
has been written to enable the technician to 
make an intelligent evaluation of the operating 
capabilities of the equipment; at the same time 
the data serve as a gage for the measurement 
of equipment efficiency. The standards are 
designed to insure that equipments operate at 
maximum efficiency at all times, and to reveal 
any change from this optimum performance, 
thus indicating the need for corrective meas¬ 
ures. The information presented in these man¬ 
uals gives the technician a step-by-step per¬ 
formance check with all the test connections 
and test equipment clearly indicated for each 
step. Minimum performance tests are also 
discussed in chapter 9 of this manual. 

Isolation of Troubles 

Troubleshooting of equipment as complex as 
the average radar set must be conducted in an 
orderly and systematic manner, if the cause of 
trouble is to be isolated and corrected as quickly 
as possible. In most cases, the application of 
fundamental radio principles and basic electronic 
circuits will contribute greatly in solving the 
problems encountered in the day-to-day opera¬ 
tion and maintenance of radar equipment. The 
supervisor should have a prescribed procedure 
for the technician to follow in checking a dis¬ 
crepancy. He should also study and constantly 
refer to the available publications pertaining to 
the equipments used by his activity and be ready 
to answer any questions about the equipments or 
outline the various steps necessary to correct 
any troubles. 

BUILT-IN TEST (BIT). -In some of the later 
equipments special BIT circuits will provide the 
technician with an indication of system opera¬ 
tion. When the BIT is used in performance test¬ 
ing, the operator must be able to interpret the 
results as read out on the radar indicator. With 


the aid of an overlay pattern or etched markings 
on the indicator face and other meter indications, 
the operator can determine if the system is op¬ 
erating properly and what action will be neces¬ 
sary to take, if any. This type testing requires 
that maintenance personnel have a THOROUGH 
knowledge of the entire system operation and be 
able to evaluate the test indications as presented 
on the radarscope and other indicators. 

An advantage of the BIT is that the operator 
may test the system in flight, and provide infor¬ 
mation during the debriefing concerning special 
symptoms of troubles that may occur only when 
airborne. 

NOTE: The BIT will check the entire system 
and indicate if the equipment is operating at an 
acceptable level. However, this cannot be used 
to replace the minimum performance checks as 
described in the Service Instruction Manuals. 

SEMIAUTOMATIC CHECKOUT EQUIPMENT 
(SACE). -Some aircraft with the most advanced 
and completely integrated electronic systems 
would take excessively long periods of time to 
check out or test. In some of these aircraft a 
system of punched, programmed tapes are used 
to make a "GO-NO GO" check of system opera¬ 
tion. One of these types is SACE which is used 
in testing of system equipment in the A-6A. In 
making a test of the performance of an installed 
system using this equipment, the operator is 
required to evaluate parts of the readout; other 
portions of the test will be automatic or semi¬ 
automatic and the test can be so selected to be 
automatically stopped when an error in the test 
readout occurs. This equipment also can pre¬ 
pare a permanent record of the test results. 

PERFORMANCE RECORDS.-The value of 
performance data records is demonstrated in 
a number of ways. Comparison of data taken on 
particular equipments at different times re¬ 
veals any slow, progressive drifts that may be 
too small to be detected in any one test. While 
the week-to-week changes may be slight, they 
should be followed carefully so that necessary 
replacements or repairs may be made before 
the margin of performance limits is reached. 
Any marked variation must be regarded as ab¬ 
normal, and should be investigated immediately. 
Another advantage in keeping systematic records 
of performance and servicing data is that main¬ 
tenance personnel develop a more rapid famil¬ 
iarization with the equipment involved. The ac¬ 
cumulated experience contained in the records 
furnishes a guide to swift and accurate trouble¬ 
shooting. 
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CORRECTING DISCREPANCIES 

Isolating a trouble to a particular unit (as¬ 
sembly) or subassembly by one or more of the 
methods previously described is only a small 
part of the entire solution of the problem. 

The main and pressing objective of discrep¬ 
ancy correction is that of getting the aircraft 
back in commission the quickest way possible. 
The period of time required to accomplish this 
objective will be determined by several factors. 
The seriousness of the discrepancy, availability 
of spare parts, and the workload carried at the 
time are all factors affecting aircraft downtime. 
One of the most important factors is the deci¬ 
sion made by the supervisor and his assigned 
crew leaders as to the exact method used to 
solve the problem. One of the following questions 
should hold the clue: 

1. Can the trouble be adjusted out by some 
portion of alinement? 

2. Can the needed repair be accomplished 
in the aircraft? 

3. Is it necessary (or better) to remove and 
repair a unit or part and return it to the air¬ 
craft? 

4. Is replacement of a unit or part required? 
ADJUSTMENTS 

Many times an adjustment or partial aline¬ 
ment will correct the discrepancy, but for the 
day-to-day line maintenance problems avoid be¬ 
coming involved in long drawn-out alinement 
procedures, if possible. This is because of the 
tendency of maintenance crews to hurry when 
attempting long alinement while being pressed 
for time. Excessive speed usually results in 
poor alinement or sometimes in misalinement 
and no progress will be accomplished. 

This is not meant to imply that necessary 
alinements can be omitted. There will be times 
when a complete system alinement will be neces¬ 
sary to return the equipment to efficient opera¬ 
tion. This will be a decision for the crew leader 
or supervisor. 

In the event that adjustment or alinement is 
required, the currently approved alinement pro¬ 
cedures, as described in the appropriate equip¬ 
ment manual, must be used. Unless the adjust¬ 
ments are relatively few and simple, reliance 
on memory for an alinement is not a good prac¬ 
tice since it will probably result in a waste of 
time and poor alinement. A misalinement will 
likely be the end result and the entire system 
will have to be alined a second time. 


Some adjustments are critical and difficult 
to make. Others are simple and are provided 
with a large range in which to work, but the 
ability to make an adjustment or perform an 
alinement properly improves with experience. 
Each technician should be urged to make a con¬ 
centrated effort in this area, because it will 
mean the difference between average or mar¬ 
ginal operation and peak performance. 

REPAIRS AND REPLACEMENTS 

It is good practice to do as much as possi¬ 
ble toward correcting equipment discrepancies 
in the aircraft or to remove, repair, and return 
a unit to the aircraft to avoid major adjustments 
or unit replacements that would disturb the sys¬ 
tem alinement. This of course will be dependent 
on the extent of the repair, time allowed, and 
availability of replacement parts. There is no 
need to replace a major unit if a simple tube or 
module replacement and a few minor adjust¬ 
ments will eliminate the problem. For instance, 
assume that a trouble has been determined to be 
in the synchronizer. The decision to replace 
the entire unit instead of replacing a subassem¬ 
bly could result in an extension of aircraft down¬ 
time because of long alinement time. This choice 
will depend on the particular function of the sub- 
assembly to be replaced. Either of these two 
parts would correct the discrepancy, but as any 
radar technician knows the replacement of a 
major unit usually requires extensive time- 
consuming realinement procedures. In the case 
mentioned, the synchronizer presently installed 
is alined to the system so the replacement of a 
subassembly which normally will require less 
time spent in realinement might be the better of 
the two alternatives. 

In any event the main problem will have been 
solved and the aircraft is back in commission. 
If replacement was the solution to the problem, 
then there is now a down piece of equipment in 
the shop. The next step is to further isolate and 
identify the particular component or group of 
components which are the cause of the trouble. 
If the cause is not immediately apparent after 
removal from the aircraft, then disassembly 
of the unit or subunit, to some extent, will be 
necessary. A more detailed procedure must be 
followed to isolate and repair or replace the 
component responsible for the failure. 

The supervisor must make sure that detailed 
trouble isolation procedures are in accordance 
with applicable current Service Instruction Man¬ 
uals for the equipment being repaired. 
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Screening Defective Materials 

At this point a very important step should 
take place. The supervisor, or his designated 
representative, must carefully check all defec¬ 
tive materials and determine the possibility of 
repair at the local level before turning them in 
to an already heavily laden supply system. In 
fact, Naval Air Systems Command and NavAir- 
Lant have a maximum repair policy that has 
been in effect for several years. Some ac¬ 
tivities have taken the program to heart and are 
working efficiently, while others have been slow 
to accept the program, or support it only super¬ 
ficially. 

The policy of the maximum repair concept 
is that ’’avionics material shall be repaired at 
the lowest possible maintenance level. ” If you 
want to measure your own performance, count 
the number of units sent to screening as 
prospective ”RB." As a general rule, only 
crash damaged equipment should end up in 
screening (hermetically sealed and pottqd units 
excepted). 

Maximum repair is not just a professional 
requirement imposed by higher command. It is 
an economic necessity, and careful screening 
at the local level will prevent these defective 
materials from clogging the supply system. 

Tube Replacement 

Although present equipment design is such 
that the electron tube is being used less fre¬ 
quently, there are still many systems in opera¬ 
tion which utilize a great number of tubes. In 
some of these systems, electron tubes are re¬ 
sponsible for a large percentage of troubles that 
occur. However, if a particular system contains 
a great number of tubes, it is obviously imprac¬ 
tical, and not gqod policy, to attemp to locate 
faults by general tube checking. Only after a 
fault has been traced to a particular stage should 
any tubes be tested. In many radar circuits the 
testing of tubes is futile and the technician must 
resort to tube substitution. The substituted tube 
must have been previously checked in a properly 
operating circuit in order to be sure of its con¬ 
dition. 

Normally, after tube replacement some 
minor adjustment will be required, but before 
any adjustment is made the positions of the con¬ 
trols should be recorded or marked so they can 
be returned to their original position in case the 
adjustment does not correct the abnormal con¬ 
dition. The original tube if not defective should 


also be returned to its position in the circuit. 
In many high frequency circuits the interelec¬ 
trode capacitance of the tube is a significant 
portion of the tuned circuit; thus if too many 
tube substitutions are made, the unit may be¬ 
come misalined. 

Voltage Measurements 

Since most troubles encountered in equip¬ 
ments and systems either result from abnormal 
voltages or produce abnormal voltages, voltage 
measurements are considered an indispensable 
aid in locating troubles. Testing techniques that 
utilize voltage measurements also have the ad¬ 
vantage that circuit operation is not interrupted. 
Point-to-point voltage measurement charts 
which contain the normal operating voltages 
encountered in the various stages of the equip¬ 
ment are available to the technician. These 
voltages are usually measured between the in¬ 
dicated points and ground unless otherwise 
stated. 

When voltage measurements are taken, it is 
considered good practice to set the voltmeter on 
the highest range initially so that an excessive 
voltage in a circuit will not damage the meter. 
To obtain increased accuracy, the voltmeter may 
then be set to the designated range for the proper 
comparison with the representative value given 
in the voltage charts. 

If the internal resistance of the voltmeter and 
multiplier is approximately comparable in value 
to the resistance of the circuit under test, it will 
indicate a considerably lower voltage than the 
actual voltage present when the meter is removed 
from the circuit. The sensitivity (in ohms-per- 
volt) of the voltmeter used to prepare the voltage 
chart is always given on the charts. Therefore, 
if a meter of a similar sensitivity is available it 
should be used so that the effects of loading will 
not have to be considered. 

When checking voltages, it is important to 
remember that a voltage reading can be obtained 
across a resistance, even if the resistance is 
open. The resistance of the meter and of the 
multipliers forms a circuit resistance when the 
meter prods are placed across the open resist¬ 
ance. Thus the voltage across the component 
may appear to be normal when the meter is con¬ 
nected, and abnormal when it is disconnected. 
If the voltages appear normal on a faulty stage, 
the next step would be to perform a resistance 
check of that stage. 

NOTE: Certain precautions are presented in 
Basic Electricity, NavPers 10086-B, as general 
safety measures pertinent to the measurement 
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of voltages. Supervisors should ascertain that 
these precautions are adhered to by all person¬ 
nel who are responsible for the maintenance of 
electronic equipment. 

Resistance Measurements 

Defective components can usually be quickly 
located by measurement of the d-c resistance 
between various points in the circuit and a ref¬ 
erence point or points (usually ground). This is 
true because a fault will generally produce a 
change in resistance values. Point-to-point re¬ 
sistance charts can be used advantageously at 
this time. The values given, unless otherwise 
stated, are measured between the indicated 
points and ground. 

Before making resistance measurements, 
the technician should make sure that the power 
to the equipment under test has been turned off. 
Since an ohmmeter is essentially a low-range 
voltmeter and a battery, an ohmmeter connected 
to a circuitwhich already has voltages in it may 
be seriously harmed. The pointer may be de¬ 
flected off scale, and the meter movement may 
be permanently damaged. 

Filter capacitors must be discharged before 
making resistance measurements. This is ex¬ 
tremely important when testing power supplies 
that are disconnected from their loads. If a 
capacitor discharges through the meter, the 
surge may burn out the meter movement. Fur¬ 
thermore, contact with a circuit containing a 
charged capacitor may endanger the life of the 
person making the test. 

Waveform Comparison 

The measurement and comparison of wave¬ 
forms are considered to be very important parts 
of the circuit analysis used in the troubleshoot¬ 
ing. In some circuits (for example, pulse cir¬ 
cuits) waveform analysis is indispensable. 
Waveforms may be observed at test points, 
shown in the waveform charts which are part of 
the maintenance literature for the equipment. 
It should be noted that the waveforms given in 
the instruction books are often idealized and do 
not show some of the details which are normally 
present when the actual waveform is displayed 
on an oscilloscope. 

By comparing the observed waveform with 
the reference waveform, faults can be localized 
rapidly. A departure from the normal wave¬ 
form indicates a fault that is located between 
the point where the waveform is last seen to be 


normal and the point where it is observed to be 
abnormal. (For example, if a waveform is ob¬ 
served to be normal at the grid circuit and ab¬ 
normal at the plate circuit of the same stage, 
this indicates that the trouble lies in that stage 
or possibly the input of the following stage.) 

When waveforms associated with a multi¬ 
vibrator, a blocking oscillator, or a similar 
circuit are observed to be abnormal, replace 
the associated tube before making further tests. 
If the replacement tube does not provide the cor¬ 
rect waveform, reinsert the orginal tube. 

If there is no trouble present in an equipment 
or system, a waveform observed at a point 
in the equipment should closely resemble the 
reference waveform given for that test point. 
The reference waveforms supplied with main¬ 
tenance literature are the criteria of proper 
equipment performance. However, test equip¬ 
ment characteristics or usage can cause distor¬ 
tion of the observed waveform, even though the 
equipment or system is operating normally. Sev¬ 
eral of the most common causes of these condi¬ 
tions are summarized as follows: 

1. The leads of the test oscilloscope may not 
be placed in the same manner as those preparing 
the reference waveforms, or the lead lengths 
may differ considerably. This is particularly 
significant in the case of shielded test leads, 
where the capacitance per unit length is a factor. 

2. A type of test oscilloscope having differ¬ 
ent valves of input impedance, different sweep 
durations, or different frequency response may 
have been used. 

3. The equipment operating (and servicing) 
controls may not have settings identical to those 
used when the reference waveforms were pre¬ 
pared. This condition is normally to be expected 
when servicing adjustments are made in terms 
of their effect on the shape and amplitude of an 
observed waveform. 

4. The vertical or horizontal amplitudes of 
the reference and test patterns may not be pro¬ 
portional. This will produce apparent differences 
between the waveforms when actually there is no 
difference. 

Whether or not a minor waveform discrep¬ 
ancy may be disregarded depends upon the type 
of circuit being traced. A minor discrepancy is 
not regarded as significant unless the nature of 
the discrepancy indicates faulty operation of the 
equipment. In general, time should not be wasted 
in searching for faults when relatively minor dif¬ 
ferences are detected between the reference 
waveforms and those obtained by test. 
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Modular Units 

The demand for small, maintainable cir¬ 
cuitry in military equipment has led to many dif¬ 
ferent construction techniques. One of the most 
popular is modular construction. Since modular 
assemblies incorporate several subminiaturized 
features not found in conventional equipment, 
some specialized knowledge and tools are re¬ 
quired for efficient repair and maintenance. 

A few definitions are helpful in understand¬ 
ing the terms involved. A module is defined as 
"a unit or standard of measurement; a fixed di¬ 
mension. " A modular assembly has outline di¬ 
mensions which are multiples of a module. An 
equipment which consists of replaceable assem¬ 
blies (any type) is said to be of unitized construc¬ 
tion. Modular construction then is a type of 
unitized construction consisting predominantly 
of modular assemblies. 

For example, think of a carton of cigarettes. 
If each pack were a modular assembly, the car¬ 
ton would be an equipment of modular construc¬ 
tion. Notice that the packs can be arranged dif¬ 
ferently without changing the outside dimensions 
of the carton. Although the cigarette packs are 
all the same size, the assemblies in many equip¬ 
ments are not. 

The original concept of many modular assem¬ 
blies was that they should not be maintained in 
the field. The intention was to replace the as¬ 
sembly and ship it back to some repair facility. 
As assemblies became more complex, the point 
was soon reached where the extensive supply 
system required for the replacement concept 
was too costly. Many equipments built during 
this initial stage were potted with some special 
ingredient to discourage maintenance personnel 
from tampering with the insides of a "black box." 

When the Navy reassessed this concept, 
realizing that the Fleet must maintain everything 
it could, most of the equipment manufacterers 
began to make components accessible. However, 
many technicians are still convinced that mod¬ 
ular assemblies are impossible to repair. This 
conviction may stem from a lack of experience 
in working with the printed circuits and the other 
components in modular assemblies. While it is 
true that special tools and techniques are re¬ 
quired, it is also true that satisfactory repairs 
can be made to any printed circuit by using a 
little care and commonsense. Actually, with a 
little experience, repairs can be made as easily 
as in conventional assemblies-often more easily 
because of improved accessibility. 


Component Location 

One of the time - consuming elements of 
troubleshooting is the identification of specific 
components. In conventionally wired equipment, 
components are not always easy to locate, even 
the circuitry in the chassis can become confus¬ 
ing since related components are often positioned 
in decentralized areas of the chassis. 

In equipment which includes printed circuit 
boards, identification of circuitry and compo¬ 
nents may be relatively simple. This type of 
circuit construction allows uniform placement 
of components and complete sectionalization of 
related circuitry. Just a quick, onceover glance 
of such circuitry is often all that a technician 
requires to formulate the overall layout of the 
chassis in his mind and quickly focus his atten¬ 
tion on the area of particular concern. 

Many of the commercial manufacturers have 
developed methods of quick identification. One 
of the most common ways is to impose a grid 
over a drawing of the board, and then furnish 
a table which lists the part location. Another 
technique is to number points of interest on the 
schematic, then provide a pictorial guide to 
locate the points on the board. 

Circuit tracing of the printed wiring board 
may be simpler than that of conventional wiring, 
due to increased uniformity. If the wiring board 
is translucent, a 60-watt light bulb placed under¬ 
neath the side being traced will facilitate cir¬ 
cuit tracing. Test points can be located in this 
manner without viewing both sides of the board. 

Resistance or continuity measurements of 
coils-resistors, and some capacitors can be 
made from the component side of the board. In 
some cases, a magnifying glass will help in 
locating very small breaks in the wiring. Volt¬ 
age measurements can be made on either side 
of the board. However, a needlepoint probe is 
needed to penetrate the protective coating on the 
wiring. Hairline cracks can be located by making 
continuity checks. 


Modular Assembly Precautions 

A number of general precautions are neces¬ 
sary when working with modular assemblies. 
Supervisory personnel should take steps to in¬ 
sure that the technicians in their shop or main¬ 
tenance crew know and understand the rules set 
forth in the following paragraphs: 


55 


Digitized by Google 




AVIATION FIRE CONTROL TECHNICIAN 1 & C 


1. Observe power supply polarities when 
troubleshooting the circuits of modular assem¬ 
blies containing transistors, or other semicon¬ 
ductors. Such parts are polarity- and voltage- 
sensitive. Reversing the plate voltage polarity 
of a triode vacuum tube will keep the stage from 
operating, but generally will not injure the tube. 
However, reversing the voltage applied to a 
transistor, or other semiconductor, will ruin it 
very quickly. 

Since transistors and similar components re¬ 
quire different power supply connections, the 
personnel who work with these parts must always 
be alert in connecting test equipment. Make sure 
that the correct polarity and range are observed. 
Recheck your work before turning on the power- 
the wrong polarity will destroy the part. 

2. Avoid applying a-c power operated test 
equipment or soldering iron without first making 
certain that powerline leakage current is not 
excessive. Use of an isolation transformer is a 
good precaution to employ with all test equip¬ 
ment and soldering irons operated on a-c power, 
unless it has been determined that the equipment 
contains a transformer in its power supply or 
shows no current leakage. With all test equip¬ 
ment (whether transformer-operated or not), it 
is good practice to connect a common ground 
lead first from the ground of the circuit to be 
tested, and then to the test equipment ground. 

3. Avoid application of too high a pulse 
from test equipment. The safest procedure is 
to start with a low output signal setting, and 
then proceed to apply the required signal levels. 
Be sure that the signal applied is below the 
rating given for the circuit under test. Rela¬ 
tively high current transients can occur when 
test equipment is connected to a circuit where 
low-impedance paths exist. 

4. Avoid moving loose connections, discon¬ 
necting parts, inserting or removing transistors 
or similar components, and changing modular 
units while the equipment power is on or while 
the circuit is under test. Moving a loose connec¬ 
tion, or any of the actions mentioned, will cause 
an inductive kickback. This can be prevented by 
being sure that all the parts in the circuits are 
secure before starting the test or turning on the 
equipment power. Be sure to remove all possi¬ 
ble capacitance charges from parts and test 
equipment before applying them to a modular 
assembly. When changing modular assemblies, 
be sure the equipment power is off. 


INSPECTING REPAIRS AND EVAL¬ 
UATING COMPLETED MAINTENANCE 
ACTION FORMS (MAF’S) 

The final phase of the maintenance task in¬ 
cludes the inspection of the repaired equipment 
and the evaluation of the completed Maintenance 
Action Form (MAF). During the inspection, all 
maintenance performed in connection with the 
MAF must be included. The MAF may have 
called for work to be performed on one item in 
the system, but in the course of troubleshooting, 
other items in the system may have been re¬ 
moved and reinstalled. Every item that has been 
replaced, removed, reinstalled, adjusted, or 
otherwise worked on in connection with the 
maintenance task must be included in the final 
inspection. 

When performing an inspection, serious 
thought and consideration must be exercised in 
regard to where the man that performed the 
work may have left tools or other materials. 
Objects left adrift in aircraft become lethal 
weapons during catapult launchings and arrested 
landings. When making the final inspections, 
do not let your good judgment be altered by 
personnel considerations, operational commit¬ 
ments, or personnel trying to hurry the job. 
Know the correct maintenance procedures and 
insist that they be followed. 

The final inspection also includes an evalua¬ 
tion of the completed MAF. The supervisor or 
his designated representative must review and 
evaluate the completed form(s). He should in¬ 
sure that all applicable blocks are filled in cor¬ 
rectly and legibly. The importance of using the 
correct codes when filling in the MAF cannot be 
stressed enough. Having the correct codes, 
part numbers, work unit codes, serial num¬ 
bers, etc., is not only important for your fu¬ 
ture reference, but is important when these 
MAF’s are processed and sent in for use by the 
Navy. The supervisor should make sure that 
all the required information is recorded in the 
Work Center Register before turning in for 
processing. 

The supervisor should also insure that the 
person completing the work and the inspector 
have signed the MAF and that Maintenance Con¬ 
trol has been notified that it is completed. 

DISCREPANCY TRENDS 

By careful and continuous reference to the 
daily discrepancy reports, Work Center Regis¬ 
ters, etc., a definite trend in discrepancies may 
be detected. Detection in itself is not difficult. 
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The big problem is reducing these indications 
to basic causes or reasons for such trends. 
Sometimes they can be traced to improper 
maintenance procedures such as misalinement 
caused by maintenance personnel not adhering to 
the specifically outlined procedures. Perhaps 
the problem will be revealed by an investigation 
of the test equipment being used. Such an in¬ 
vestigation may disclose improper operation of 
test equipment or that the error tolerances have 
been exceed. At other times an equipment de¬ 
ficiency, especially in newer types of equipment, 
can be ’’pinned down" as the reason. If there 
should be an equipment deficiency, the super¬ 
visor should make sure that an Unsatisfactory 
Material/Condition Report (UR) is completed 
and forwarded so that corrective action may be 
taken after further investigation by the Naval Air 
System Command. No matter what the cause, 
an analysis of the problem is required when a 
trend in discrepancies is noted. 

ANALYZING DEFICIENCIES 

In order to properly analyze any problem the 
supervisor must have a thorough understanding 
of the operation of the equipment being main¬ 
tained and of the test equipments necessary to 
maintain it. Armed with this information and 
with a sincere and conscientious approach, al¬ 
most any maintenance problem can be deliber¬ 
ately and systematically resolved in reasonable 
time. Most of the difficult and many of the 
seemingly impossible problems have been solved 
by careful and painstaking testing and recording 
of indications obtained through voltage and re¬ 
sistance checks, waveform comparisons, and 
the application of basic theories. The more 
difficult the problem the more exacting must be 
applied procedures and tests. 

The major contribution to analyzing a prob¬ 
lem is a clear and orderly thought process. The 
supervisor must provide this ingredient since 
test equipment, charts, and tables will only 
contribute the necessary material to be used in 
these thoughts. 

While the supervisor is involved in analyzing 
these deficiencies, he may discover a better 
method of aline me nt or find a potential trouble 
spot in the equipment for which he may help find 
a solution by making known a suggestion to rem¬ 
edy the situation. By so doing he will be aiding 
in the entire program of improving productivity 
by saving man-hours and material. This pro¬ 
cess is known as Value Analysis in Maintenance 
Operations (VAMO). 


Value Analysis in 
Maintenance Operation 

Value Analysis in Maintenance Operations 
(VAMO') can be defined as a systematic and con¬ 
tinuing evaluation of those factors affecting the 
efficient maintenance of a component, equip¬ 
ment or system. It encompasses functional as 
well as engineering design standardization, and 
reliability as well as ease and f r equencyof 
maintenance operations. The maintenance su¬ 
pervisor accepts his responsibility to keep the 
equipment in readiness and conscientiously at¬ 
tempts to "keep them flying. " He will not know¬ 
ingly compromise the functioning of equipment 
under his jurisdiction even though occasionally 
he must ground aircraft because of insufficient 
time to complete a job. When an aircraft is 
grounded it affects the fulfillment of the Navy’s 
mission. Value maintenance, if objectively and 
actively pursued, can result in increased main¬ 
tenance efficiency by saving man-hours of shop 
time and can thereby result in fewer grounded 
aircraft. 

Through value analysis, and through human 
and design engineering, efforts are continually 
being made to build maintainability and reli¬ 
ability into all new components, equipments, and 
systems. This is fine, but it is not enough-the 
one missing ingredient is the knowledge of how 
a specific component, equipment or system 
performs under actual operating conditions- 
and what to do to improve this performance. 
This is where the maintenance supervisor has 
the "front seat. ” He is in a position to get 
first-hand information based on operating ex¬ 
perience. He is able to observe the degree of 
maintainability and reliability designed into the 
equipment. If he is satisfied to accumulate 
such data only for his own or his immediate as¬ 
sociates’ use and does not bother to pass it 
along, he is missing a great opportunity to 
share in the building of the Navy's effectiveness. 

Remember, you are a Navy maintenance 
supervisor, and you earned your rating by hav¬ 
ing the ability and intelligence to do the job. 
Maintenance in many respects is just as im¬ 
portant in the overall picture as the original 
design. Any equipment that requires repeated 
maintenance as well as frequent downtime for 
routine inspection is not serving the Navy to 
best advantage. Such equipment presents a 
logistic problem which costs money. You, as 
a maintenance supervisor, can often remedy 
such situations simply by sharing your time 
saving ideas. Remember, constructive criti¬ 
cism and suggestions are always welcome. The 


57 


Digitized by Google 




AVIATION FIRE CONTROL TECHNICIAN 1 & C 


few minutes your method saves may seem in¬ 
significant; but if others are also able to save 
those minutes by following your shortcuts, the 
Navy will be able to measure its savings in 
hours or days. 

Consider evaluating your equipment for 
places where improvements can be made. There 
are many potential trouble-spots that rate par¬ 
ticular attention. A few examples of the kinds 
of questions maintenance men should ask and 
items they should keep in mind are listed below 
for future reference. This is not an all-inclu¬ 
sive list-it never could be, because new equip¬ 
ment and new equipment locations will always 
present new problems. VAMO is a continuing 
challenge to your ingenuity as a maintenance 
supervisor. 

1. Are controls and adjustments located so 
that they can be seen readily and reached with¬ 
out difficulty? You should not be expected to 
disassemble or remove any part of an equip¬ 
ment for access during maintenance. 

2. When replacing a component, you should 
not have to remove other components. 

3. Connecting cables should be long enough 
to permit withdrawing the equipment for access 
to adjustments without breaking the electrical 
connections. In modulized equipment a test 
(extension) cable should be provided, thus per¬ 
mitting the unit to be serviced without demount¬ 
ing the entire assembly. 

4. Be especially careful to look for unkeyed 
connectors having a symmetrical pin arrange¬ 
ment that could be misconnected inadvertently. 
Also look for places where the wrong connector 
could be inserted because of its similarity in 
size, etc., to the correct one. 

5. Look for operations that are hazardous 
(either from an electrical shock or physical 
standpoint). It takes a lot longer to make an 
adjustment in a cramped physical position than 
when the control is located at a convenient level. 

6. Quick, easily identifiable component no¬ 
menclature is always a must. Minutes of search 
time can be saved. 

In summary, remember that any unusually 
difficult operation should be analyzed fora 
simpler solution. Once you have solved the 
problem, share your solution with others. 

Although the Navy does not have a specific, 
formalized program of VAMO, it utilizes value 
analysis principles daily. The Material Reli¬ 
ability Program is an excellent example of an 
important phase of value maintenance. This 


program, in part, utilizes the Failure, Unsatis¬ 
factory Material/Condition Report (UR). Oper¬ 
ating activities are responsible for prompt sub¬ 
mission of FUR’s. The maintenance supervisor 
should make every effort to determine the pre¬ 
cise causes of component failures or malfunc- 
tions, particularly those involving aircraft 
accidents. If this cannot be done locally, prior¬ 
ity disassembly and inspection reports or lab¬ 
oratory analysis reports, as appropriate, should 
be requested. 

Every time you make out a FUR, you are 
setting in motion a far-reaching program for 
the evaluation of faults, malfunctions or failures 
of materials. These reports must be analyzed; 
statistics must be collected and correlated; and 
the results must be evaluated and fed back to 
personnel who are responsible for seeing that 
any needed corrective action is taken. The re¬ 
sults of the FUR programs are commendable. 
Changes resulting from these reports release 
thousands of maintenance man-hours for other 
tasks which help to keep our aircraft in the air 
and may even save lives by eliminating danger¬ 
ous conditions. 

The maintenance supervisor’s contribution 
to the Value Maintenance operation should not 
be limited to submitting FUR’s. When he dis¬ 
covers a design deficiency, publications error, 
or improper supply parts or FSN’s he should 
take action by one of two methods. First, he 
can request his division officer to initiate an 
official letter, via the chain of command, to 
the Naval Air Systems Command. The other 
method is to ask for the assistance of a NAESU 
field engineer. This engineer will analyze the 
problem and prepare and forward a technical 
report to NAESU Headquarters. The report will 
be reviewed by NAESU and forwarded to the Bu¬ 
reau and others, with recommendations for cor¬ 
rective action. This method will sometimes 
bring corrective action much sooner than the 
first. 

UNSATISFACTORY MATERIAL/ 

CONDITION REPORT (UR) 

NAVAIR FORM 13070/5 

The Unsatisfactory Material/Condition re¬ 
port is a supporting document of the Maintenance 
Data CoUection Subsystem of the Aviation 3-M 
program. This document is intended to provide 
a method for the expeditious reporting of special 
and safety conditions. The use of this form pro¬ 
vides a direct narrative link between the user 
and the supporting activity. Therefore, it should 
be used when prompt cor re ctive action is 
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required and/or amplifying details are necessary 
beyond that provided by means of routing 3-M 
documentation. 

The Naval Air Systems Command Unsatis¬ 
factory Material/Condition Reporting System is 
designed to provide rapid collection and dissem¬ 
ination of Unsatisfactory Material/Condition re¬ 
ports to cognizant governmental and industrial 
activities responsible for providing prompt cor¬ 
rective action in the case of serious material 
discrepancies and operational maintenance prob¬ 
lems. The report is also used to assist in the 
replacement or correction of defective new 
material furnished to the Navy. In addition, this 
system also utilizes the UR form for reporting 
errors and omissions and for making recom¬ 
mended corrections to publications. All super¬ 
visors are directed to give their fullest support 
to the UR system, not only by strict adherence 
to the detailed instructions for submitting re¬ 
ports, but also by exercising a conscientious 
effort toward achieving program objectives. In 
this regard, the assignment of competent per¬ 
sonnel to prepare and review UR’s is mandatory. 

Preparation 

The UR is provided in a carbon backed four- 
page set. The original of the UR is forwarded to 
the Naval Air Technical Services Facility, 700 
Robbins Ave., Philadelphia, Pennsylvania, 
19111. The FILE copy is to be retained by the 
originating activity for record purposes. The 
TAG copy of the special UR must be placed in 
the return material document envelope and at¬ 
tached to the material being turned into supply 
or released for investigation. In the event that 
the material is not turned in to supply or re¬ 
leased for investigation, the TAG copy should 
be discarded and the envelope retained for re¬ 
use. The top sheet of the UR set provides de¬ 
tailed instructions for preparation of the UR 
form. READ ALL INSTRUCTIONS ON THE 
COVER SHEET BEFORE FILLING IN THE RE¬ 
PORT. Refer to the latest NavAir Instructions 
concerning maintenance management of aviation 
material for detailed reporting procedures. UR 
reports on classified contracts and equipment 
must be classified in accordance with the latest 
Department of the Navy Security Manual for 
Classified Information. Use a typewriter or 
ballpoint pen to insure that all copies are legi¬ 
ble. Figure 4-1 is a typical example of a com¬ 
pleted UR report. 

The information should be as complete and 
accurate as possible in order to provide all 


technical data necessary for determining ap¬ 
propriate corrective action. Photographs (5 
copies) should be furnished when they will assist 
in showing areas of damage or deficiency. 
Photographs should be of a glossy finish and pre¬ 
ferably 8 x 10 inches in size. When the des- 
crepant item has been released for priority in¬ 
vestigation, the activity/contractor to which the 
material was forwarded should be so noted. 
Submittal of drawings or schematic diagrams 
encouraged to assist in clarifying the problem 
or recommending corrective action. If addi¬ 
tional space is required for narrative informa¬ 
tion, tear out and reverse carbons and continue 
on the reverse side. 

DEVELOPMENT OF 
INSPECTION PROCEDURES 

In developing good inspection procedures, it 
is necessary to first establish an acceptable 
quality level of work, keeping in mind that safety 
must always come first. Next a continuing pro¬ 
cedure for analyzing discrepancy trends must be 
created; records must be kept; and followup ac¬ 
tion must be provided to stimulate improved 
workmanship. The crew’s thinking must be in¬ 
fluenced so as to incorporate principles of qua¬ 
lity control in each step of the job. Technicians 
should be encouraged to help each other by double - 
checking each other’s work as they go along. 
Any job is properly accomplished by first del¬ 
egating it to those who can and should be doing 
it; therefore, the best qualified technicians must 
be assigned to perform the inspection. Insure 
that these men have all the specifications and 
records needed to perform the inspections. 
Every man in the crew must understand that an 
inspection is not to fix blame or to comply with 
a requirement, but to save aircraft and lives 
and to provide the best operating equipment 
possible. 

The morale and physical condition of the 
crew are equally important as their technical 
ability. If a man works beyond his physical 
capability, he does not take time to do each job 
with painstaking care. Morale, which is a pro¬ 
duct of leadership, plays a vastly important role 
in the maintenance program since it can so ad¬ 
versely affect the flight support effort. This in 
turn will deny a good safety environment re¬ 
gardless of the fact that the maintenance per¬ 
sonnel are well trained. The supervisor must 
set a good example because people try to imitate 
or take for their own those qualities they admire 
in those they identify as their leaders. If the 
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UNSATISFACTORY MATERIAL/CONDITION REPORT 


(U*«typ«wrlt«r or boll point pon.) 


1. REPORTING ACTIVITY 

NAS MEMPHIS AMD 


7. INSTALLED ON (Type Aircra, 

Support Equip, etc.) 



3. SER. NO. 

0013 


Report Symbol NAVAIR 13070/5 


S. REPORT CATEGORY 


[X] SPECIAL | | SAFETY 


9. TECHNICAL DATA DEFICIENCY-TECHNICAL DATA IDENTIFICATION IAmplify in Space 291 
□ YES 0NO_ 


SUF 

II. MAINT. CONTROL NUMBER 

12. WUC/EIC 

42AAH 

13. TYPE EQUIP. 

GABB 


DEFICIENT ITEM DATA 


IS. MANUFACTURER’S PART NO. 18. NOMENCLATURE 

40E39-1A DC Voltage 


19. FEDERAL STOCK NO.(FSN) 


DC Voltage & Current Regulator R486 


18. QUANTITY 

1 


20. FEDERAL MFR'S CODE 21. CONTRACT NO. 


RH6110-095-3901-R930 74063 


N383-59205A 


22. MILITARY/COMMERCIAL OVERHAUL ACTIVITY 

NORVA 


23. TIME SINCE NEW 

Unknown 


24. TIME SINCE OVERHAUL 

0000 


28. INSTALLED ON (Indicate major component and end item 


PART NUMBER 


NOMENCLATURE 


25. NUMBER OF EVENTS (Cycles. starts, etc.) 

0000 


installed or applicable toI 


TYPE/MOOEL 8 SERIES SERIAL NUMBER 


SYSTEM/ ! 

iJSmF'itc. RX1740-031-7269-R830 Mobile Electric Power UMt NC-5 


UNIT/ 

COMPONENT o 7 O 7 C /, C 

OR EQUIPAGE 


DC Control Box 


000667 


580VK 



SUBASSEMBLY 


27. REASON FOR REPORT 

(Place X in proper box) \ | | 


FAILURE/SUSPECT ED 
FAILURE OR 
MALFUNCTION 


.—, HOLDING 90 DAYS 

(Place X in proper box) M LJ F0R INVESTIGATION 


RELEASED FOR 
I—. INVESTIGATION 
21_I (Amplify in space 29) 


REPAIRED 
.—i MADE RFI 
3 I_I (Amplify in Space 29) 


CAN BE 

f—l INSTALLED 
4 LJ WRONG 


RETURNED TO SUPPLY 
p— 1 DISPOSED OF 
4 lAl (Amplify in space 29) 


1. No current regulation 

2. Jet start current goes to maximum when testing with NT-1 load bank 

3. Bad current regulator 

4. Returned to supply 

5. N/A 

6. Recommend NAVAIREWORKFAC perform a more extensive load test. 


Sj (If additional space is required, i 




! and reverse carbons. Use reverse side. Use typeu/riter or ball point pen.) 


_ RANK/RATE ASE1 _ t 

RANK/RATE LCDR [ 


PREPARED BY R . BOWEN _ 

( '/y'./ti i. -j 
APPROVEO BY C ■ H ■ SARVI S 


ntTF 6 MAR 68 
date 6 MAR 68 





Figure 4-1.-Unsatisfactory Material/Condition Report (UR) NavAir 13070/5 
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leaders are respected and admired as good, 
aggressive, professionals who create by their 
interest and actions a good attitude toward flying 
and safety, then the maintenance program will 
be good. 

With good leadership we are assured of high 
morale. This combined with good maintenance 
training and good quality control will insure good 
maintenance and flight support. 

ENVIRONMENTAL EFFECTS 

Although the need for a high degree of reli¬ 
ability in military electronic equipment has re¬ 
mained relatively constant since the start of 
World War n, the difficulty of attaining this 
reliability has increased many times over. The 
electronic equipments presently utilized for 
military purposes are afar cry from those com¬ 
monly used 15 years ago. The continually in¬ 
creasing complexity of electronic equipments 
and the subjection of these equipments to more 
and more rigorous environmental conditions 
are among the chief causes of equipment failure. 
In addition, the component parts failure rates 
that we re tolerable in the relatively simple com- 
munciations equipments of the late 1930’s are 
completely intolerable in the complex electronic 
system now used or contemplated for search, 
navigation, fire control, communications, and 
other functions in military operation. For 
these reasons electronics technicians must be 
able to anticipate and evaluate the effects that 
environmental conditions may have on the equip¬ 
ments for which they are responsible. 

The environmental factors that must be con¬ 
sidered include temperature, humidity, corro¬ 
sive atmospheres, abrasive conditions, pres¬ 
sure, shock, vibration, and acceleration. 

Temperature Extremes 

The damaging effects of extremely high and 
low temperatures on electronic equipments, and 
the ways in which these effects may be lessened 
or moderated, are becoming well known. Ex¬ 
tensive research is being conducted to develop 
component parts that are better able to withstand 
operation under extreme temperatures. 

The technician must know the effects tem¬ 
perature-caused changes in their physical di¬ 
mensions have on the electronic parameters of 
components such as capacitors and slug-tuned 
inductors. He must also be aware of the me¬ 
chanical effects of extreme temperatures. Ex¬ 
tremely low temperatures cause brittleness in 


metal and loss of flexibility in rubber, insula¬ 
tion, and similar materials. Extremely high 
temperatures may cause terminal boards, 
seals, insulation, and solders to deteriorate 
and become deformed. Rapid changes of tem¬ 
perature c a n be especially damaging to elec¬ 
tronic component parts. 

Humidity 

High humidity-the arch-enemy of elec¬ 
tronic equipment-is one of the principal causes 
of electronic component and equipment failure. 
Technicians should have full knowledge of the 
effects of humidity on the equipments for which 
they are responsible. High humidity lowers 
arc-over levels, causes metals to corrode, and 
produces physical distortion and rapid deteri¬ 
oration and disintegration on many organic 
compounds. To make matters worse, high 
humidity is rarely found without condensation 
and fungi, with their resultant damaging effects. 

Moisture control often involves procedures 
that may prove injurious to components, or 
which may be the direct antithesis of solutions 
to other environment-related problems. This 
is often the case in tropical areas having both 
high moisture and high temperature. In such 
a climate, ventilation of the equipment is re¬ 
quired for heat dissipation, but exposure to the 
atmosphere permits the damaging effects of 
condensation. 

Where electronic equipment is to be used 
under conditions of extremely high humidity, 
drain channels and drip holes are sometimes 
incorporated in the chassis of certain equip¬ 
ments. These openings serve to reduce the 
overall spread of condensation and reduce elec¬ 
trolytic action. Inspections should include a 
check of these drains to insure that they are 
functioning properly. 

Woven fabrics and plastic sleeving on deli¬ 
cate or critical components often present a 
problem of moisture entrapment, with conse¬ 
quent deterioration and failure of the compo¬ 
nents. Moreover, certain insulations and di¬ 
electrics may serve as nutrients for various 
fungi. Both conditions intensify the need for 
moisture protection for electronic components. 

Under tropical conditions i t i s sometimes 
necessary to protect critical component parts 
from the harmful effects of moisture and tem¬ 
perature variations. Probably the most effec¬ 
tive means of doing this is to seal component 
parts individually. However, sealing equipment 
or assemblies of component parts does not 
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completely eliminate the problem, because 
such a seal must, at times, be broken for main¬ 
tenance or repair. In many cases the techni¬ 
cian will not have the means or the inclination 
to keep the component parts free of moisture to 
the extent required, especially if the equipment 
must be stored or remain inoperative while re¬ 
placement parts are on order. 

Corrosive Atmosphere 

The effects of corrosive atmospheres on 
metal parts, insulation, etc., are self-evident 
and need not be dwelt upon in detail. Acid 
fumes or electrolyte leakage, although rela¬ 
tively rare in occurrence, can cause serious 
damage to unprotected electronic equipments. 
Although the technician should be aware of the 
damaging effects of all corrosive elements, 
he must be especially aware of the effects 
produced by salt spray or salt-impregnated 
air. The technician must make every effort 
to protect his equipment from all corrosive 
atmospheres. 

MIL specifications control the corrosion 
resistance of standard component parts. Non¬ 
standard parts may or may not have the re¬ 
quired degree of corrosion resistance; there¬ 
fore, they must be tested to insure their 
adequacy in this respect. The use of non¬ 
standard parts should be held to a minimum. 
Corrosion control will be discussed more 
thoroughly later in this chapter. 

Abrasive Conditions 

Sand, dust, and other substances which are 
abrasive or permeating in nature affect those 
components which cannot be permanently 
sealed off from atmospheric conditions, have 
moving parts, or are readily subject to mal¬ 
functions as a result of mechanical interference. 
Abrasive materials can cause severe wear on 
commutators and generator brushes and the 
etching of armatures; excessive friction and 
binding in gear trains and bearings; interference 
with contact surfaces of switches and relays, 
causing arcing or failure to function; pitting of 
glass and coated surfaces, leaving them open to 
corrosion; and high-resistance short circuits 
between points of high potential. 

Parametric Pressure Effects 

Electronic equipments are sometimes sub¬ 
jected to severe changes in air pressure. Ad¬ 
verse effects on these equipments and com¬ 
ponents may be prevented by the use of 


pressurizing chambers, which can serve the 
additional function of cooling. Adequate pres¬ 
surization of individual components (to preclude 
failure from thermal and barometric shock) 
adds considerably to the weight-size ratio of 
the equipment. The use of enclosing chambers 
that will both pressurize and cool increase 
equipment complexity and results in less reli¬ 
ability. Moreover, overall pressurization seal¬ 
ing complicates maintenance. If one component 
in a chamber fails, the entire unit must be 
opened, exposing the other components to the 
effects of atmospheric conditions. A pressur¬ 
ized equipment that is opened for maintenance 
is not always resealed immediately; therefore, 
its component parts must be able to resist 
ground environmental conditions. 

ELECTRICAL NOISE INTERFERENCE 
AND CONTROL 

The electrical noise interference as de¬ 
scribed in this chapter is defined as any elec¬ 
trical disturbance which causes an undesirable 
response or malfunctioning in electronic com¬ 
ponents or systems, including RF interference. 
Noise interference enters electronic equipments 
in many ways. Superheterodyne receivers are 
particularly susceptible to RF interference be¬ 
cause of their high sensitivities and nonlinear 
effects. The undesired radiations do not always 
enter through the receiving systems antenna, 
although this path is common. Inadequate 
shielding of antenna lead-in, transmission lines, 
and receiver front end, and leaky connectors in 
transmission lines also provide paths of entry. 
If the equipment housing does not provide ade¬ 
quate isolation, undesired radiation can enter 
the receiver’s intermediate, video, and audio¬ 
frequency circuits. Conductive type interfer¬ 
ence can also enter the equipment through its 
power lines. RF interference has grown from 
a comparatively small problem in the past to 
become a dangerous threat to present and fu¬ 
ture ability to communicate efficiently. The 
trial and error approach to suppression of in¬ 
terference must be complemented or replaced 
by a scientific approach in both the design and 
operational phases. 

NATURAL INTERFERENCES 

Types of interference caused by natural 
phenomena are those such as electrical storms, 
rain particles, and interstellar radiation. This 
type of interference has a greater effect on 
radio communication than on radar operation. 
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INHERENT INTERFERENCE 

Interference is inherent in the design of re¬ 
ceiving equipments. This factor, brought about 
by the random motion of free electrons in a con¬ 
ductor, causes small potential difference to be 
developed across the terminals of the conductor. 
This action, called thermal agitation, is a com¬ 
mon source of background noise. Inherent inter¬ 
ference is of great concern in radar operation. 

Vacuum tubes act as a source of noise be¬ 
cause of the nature of their operation. They 
cause a noise commonly called "shot" effect. 
Shot effect is created by electrons being emitted 
from the cathode in a random way so that any 
current resulting from such emission has a 
random variation. 

Components that transfer energy in the form 
of heat are interference generators. However, 
interference of this nature is unavoidable. 
Proper selection of components will reduce 
this interference to accepted standards. 

MANMADE INTERFERENCE 

Interference from manmade sources, such 
as other electrical or electronic components, 
is the major source of concern. This type of 
interference may fall in one or both of two 
classes, conducted or radiated, according to 
the mode of transmission. 

Radiation interference is any undesirable 
RF signal which reaches a receiver by direct 
radiation and degrades its performance. This 
may be caused by poorly shielded radar modu¬ 
lators, RF energy escaping from waveguide 
flange couplings, commutators, relays, or 
cochannel or adjacent channel transmitter out¬ 
puts. 

Conducted interference is any undesired 
signal which reaches a receiver by direct, in¬ 
ductive, or capacitive coupling through the an¬ 
tenna lead-in cable, power leads, signal leads, 
or control circuits. 

Interference is also classified according to 
spectrum distribution, namely narrowband and 
broadband. Narrowband interference consists of 
either a single frequency or a narrowband of 
frequencies, generally produced by spurious 
radiation, parasitic, or harmonic oscillations. 
Broadband interference is interference that 
occurs over a wide range of frequencies and is 
generally a result of an arcing condition. 


EFFECTS OF INTERFERENCE 
ON RADAR RECEIVER 

The radar receiver uses only a small por¬ 
tion of the energy radiated by the radar trans¬ 
mitter. The returning echo signal is weak, often 
being less than 1 microvolt; therefore, the sig¬ 
nal must be amplified to a usable magnitude. 
However, noise is generated in circuits of a 
receiver because of the small voltage variation 
set up by electron transit. As the signal voltage 
is amplified in passing through stages of the re¬ 
ceiver, noise is also amplified. When the noise 
amplitude is greater than the signal, targets 
may become obscured. 

In a radar system, the desired output is a 
visual pattern displayed on an indicator scope. 
The interference shows up as a superfluous or 
distorted visual presentation. The appearance 
varies with the type of visual presentation. 

Noise caused by RF interferance is random 
in character and can usually be differentiated 
from a target by its flicker. The flicker is 
caused by the alternating presence and absence 
of the RF interference on progressive sweeps. 

Some radar receivers are susceptible to 
interference due to poor RF selectivity and the 
IF bandpass characteristics which are neces¬ 
sarily wide for proper reception of pulsed sig¬ 
nals. 

An often-encountered type of interference 
to a radar system is the interference that is 
generated by another radar system operating 
near the same frequency of the affected radar. 
This will appear on the affected radar indicator. 
The effectiveness of a radar is reduced if visual 
displays are obscured by this type of interfer¬ 
ence. Inf or mat ion pertinent to interference 
identification can be obtained from a close ex¬ 
amination of the radar indicator. Radars em¬ 
ploying intensity modulation may be used to in¬ 
dicate two or three dim ensions. Pulse type 
interference is usually observed as a pattern of 
dots varying in number and intensity. The num¬ 
ber of, and relative movement of, these dots 
are indications of pulse recurrence frequency of 
an interfering signal relative to the sweep rate 
of the indicator. An indicator may show a single 
band of dots similar to a range mark if the PRF 
of the interfering signal is equal to the sweep 
rate or multiples of the sweep rate. The posi¬ 
tion of the interference ring on the plan-position 
indicator will be determined by the time of ar¬ 
rival of the interference pulse in relation to the 
starting time of each trace on the indicator. 
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When the PR F of an interfering signal and 
sweep rate of an indicator are different and not 
related by a multiple, the interference becomes 
apparent as spirals or disarranged dots. Thus, 
the interference does not appear at the same 
point, relative to the start of each indicator 
sweep line. Continuous wave type interference 
is characterized by its appearance as a solid 
sector or area of high intensity. A detailed ex¬ 
amination of arrangement of the interference 
pattern structure on a radar indicator is help 
ful in determining the number of interference 
signals present. Since it is rare that any two 
pulse recurrence frequency rates are identical, 
each interference signal will show a different 
pattern. Interfering signals are quite often of 
different amplitud e and may cause a corre¬ 
sponding difference on the radar indicator. 
Careful observation and adjustment of receiver 
gain controls may prove helpful in distinguish¬ 
ing the number of interference signals when 
more than one are present. 

SOURCES OF INTERFERENCE 
IN RADAR SYSTEMS 

Primary sources of interference in radar 
equipments are the modulator, transmitter, 
and electromechanical devices. Thyratrons, 
which are common in modulator swit ching 
application, radiate large quantities of electro¬ 
magnetic energy while in operation. These 
radiations will cause interference if proper 
shielding is not practiced. 

The radar modulator can be a source of 
conducted interference through power lines. The 
interference will give an audible effect in re¬ 
ceivers and audio amplifiers at the pulse rep¬ 
etition rate of the interfering radar. Shielding 
and proper bonding of powerlines within the 
modulator will reduce this type of interference. 

The pulse repetition frequency of an inter¬ 
fering radar signal will appear in the output of 
any receiver if this signal reaches the second 
detector. It is possible that this signal will be 
received directly at the second detector if the 
receiver is not shielded and near a high in¬ 
tensity field. 

Electromechanical Devices 

Electromechanical devices such as synchros, 
blower motors, drive motors, vibrators (chop¬ 
pers), and relays are common devices found in 
practically all electronic equipment, and are 
all potential sources of noise interference. 

MOTORS. -The types of interference gen¬ 
erated by d-c motors are: 


1. Switching transients as the brush moves 
from one commutator bar to another. This is 
usually called commutation interference. 

2. Randon transients caused by varying 
contact between brush and commutator. This 
is usually called sliding contact interference. 

3. Audiofrequency hum (commutator ripple). 

4. Radiofrequency and static charges built 
up on the shaft and rotor assembly. 

Direct-current motors used in aircraft sys¬ 
tems are of three general types: series wound, 
shunt wound, and permanent magnet field. The 
field windings of both series-and shunt-wound 
motors afford some "padding" or filter action 
against transient voltages generated by the 
brushes. The per man ent-magnet motor’s 
lack of such inherent filtering makes it a very 
common source of interference. 

It must be emphasized that the size of a d-c 
motor has little effect upon its interference 
generating characteristics. The smallest 
motor aboard may well be the worst offender. 

GENERATORS. -The output of an ideal a-c 
generator is a pure sine wave. A pure sine 
wave voltage is incapable of producing inter¬ 
ference except at its basic frequency. However, 
the ideal waveform is difficult to pr odu c e, 
especially in small machines. 

Practically all types of a-c power gener¬ 
ators currently used in naval aircraft are 
brushless type generators, with less than 5 

percent harmonic content in the worst applica¬ 
tion. Very little interference is generated at 
the power source. 

It should be noted also that a-c motors that 
do not use brushes are almost never sources of 
interference. 

SWITCHING DEVICES.-Abrupt changes in 
electric circuits occur when switching takes 
place. Such changes are accompanied by tran¬ 
sients capable of interfering with the operation 
of radio and electronic systems. The simple 
manual switch is of little consequence as a 
source of interference because its frequency 
of operation is usually not great. Examples of 
frequently operated switching devices capable 
of appreciable or serious interference are 
relays and vibrators. 

Since relays are used almost exclusively to 
control large amounts of power with relatively 
small amounts of power, they are always po¬ 
tential interference sources. This is especially 
true when they are used to control inductive 
circuits. Relay actuating circuits should not be 
overlooked as interference sources, because 
even though the actuating currents are small. 
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the inductances of the actuating coils are usu¬ 
ally quite high. It is not unusual for the control 
circuit of a relay to produce more interference 
than the circuit which it controls. 

Induction vibrators are essentially double¬ 
pole, double-throw relays which o p e r a t e at a 
constant rate. As in any induction type switch 
or relay, there are two sources of switching 
transients: the inductive field contacts and the 
switching contacts. The output waveform of 
the vibrator is essentially rectangular at some 
audiofrequency. Its harmonic content is high 
and filtering is difficult. Vibrators are used as 
d-c choppers in computer servosystems. They 
are also found in several radar circuits such as 
chopper amplifiers utilized in some range cir¬ 
cuits. Noise in such circuits as these can be 
extremely serious. 

Suppression Methods 

Suppression of noise interference has ad¬ 
vanced to the point where the proper application 
of available techniques will insure that receiv¬ 
ing equipment installed in aircraft will operate 
at optimum efficiency. Four types of suppres¬ 
sion techniques are involved. 

Isolation is the easiest and most practical 
method of suppression, and revolves around the 
possibility of physically separating the source 
of noise from the input circuits of the receiving 
equipments affected. As every man-made RF 
noise source can be considered a small trans¬ 
mitter, it is obvious that the noise source and 
the leads carrying noise energy should be kept 
as far away from receiver antennas or lead-ins 
as possible. 

The value of sufficient separation between 
sources of RF noise and receiver input circuits 
is not apt to be overemphasized. The isolation 
method of noise suppression has the advantages 
of not requiring any additional material or add¬ 
ing any additional weight. 

Bonding is a very important means of inter¬ 
ference control. It provides grounding of insu¬ 
lated conducting objects on the exterior of the 
aircraft. When conducting objects are not 
grounded, flight through precipitation causes 
high-voltage charges to build up on those ob¬ 
jects. Repeatedly, the voltage gets high enough 
to spark over to an adjacent ground member or 
the object discharges to the surrounding air by 
corona conduction. Either mode of discharge 
causes considerable interference. 

Other important functions of bonding are: 

1. To protect the aircraft and personnel 


from lightning discharges by equalization of 
potentials which might cause arcs and sparks 
in the aircraft structure. 

2. To provide a homogeneous counterpoise 
for radio transmission and reception. 

3. To provide a short path for bypassing 
RF noise. 

All electronic equipment should be grounded 
to the aircraft structure. This should be done 
by using short bond straps or sheets of high 
conductivity (copper or aluminum) metal where 
it is impossible to use bond strap. No bond 
strap should be more than 4 inches in length. 

Shielding is one of the most effective meth¬ 
ods of suppressing noise. The primary object 
in shielding is to electrically ’’bottle up" the 
noise energy. In practical application, this 
means that the RF noise energy must be kept 
flowing along the inner surface of the shield. 
The use of good shielding is particularly effec¬ 
tive in situations where filters cannot be used. 
A good example of this is where noise energy 
radiates from an RF noise source and the radi¬ 
ated energy is picked up by the various circuits 
that eventually connect to the receiver input 
circuits. It is obvious that it would be imprac¬ 
tical to filter a number of leads or units that 
are influenced by the noise energy; hence, the 
application of effective shielding at the noise 
source itself is advisable for it will eliminate 
the radiated portion of the noise energy by con¬ 
fining it within the shield at its source. 

RF interference as radiated or conducted 
from a source may be of a single frequency or 
may cover an extended band of frequencies, as 
previously mentioned. When bonding, shield¬ 
ing, or isolation of the source proves ineffec¬ 
tive as a means of reducing this interference, 
it becomes necessary to employ filters to ac¬ 
complish the reduction. A filter is defined as a 
selective network which transmits freely elec¬ 
tric waves having frequencies within one or 
more frequency bands and which attenuates 
substantially electric waves having other 
frequencies. 

The size of a filter may vary widely, de¬ 
pending on the voltage and current requirements 
as well as the degree of attenuation desired. 
Filters are usually incorporated in equipment 
known to generate RF interference, but these 
filters are often inadequate, and in many cases 
it is necessary to add filters external to these 
equipments. This is especially true if the 
source or interference is coupling interference 
to paths of entry to a receiver other than the 
power line. 
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The types of filters used in the reduction of 
interference vary with the application, but each 
of the general filter types may be found to be 
particularly adaptable to some specific situa¬ 
tion. Most of the electrical devices connected 
to powerlines have features required for their 
operation, which are conducive to the genera¬ 
tion of interference. 

The interference generated by these devices, 
unless properly attenuated, is impressed upon 
the power lines and conducted to the receivers. 
It may also be conducted into the receivers by 
inductive coupling to other wiring associated 
with the receivers. This interference, unless 
attenuated by means of filters, is then trans¬ 
mitted along these powerlines, entering the 
receivers at the powerline input; or this inter¬ 
ference may be radiated along the powerlines 
and enter the receiver by means of the antenna 
system. 

Filters are of four kinds and are defined as 
follows: 

1. The low-pass filter, which introduces 
negligible attenuation at all frequencies below 
a certain frequency, called the cutoff fre¬ 
quency, and relatively high attenuation at higher 
frequencies. 

2. The high-pass filter, which introduces 
negligible attenuation at frequencies above a 
certain frequency, called the cutoff frequency, 
and relatively high attenuation at lower 
frequencies. 

3. The bandpass filter, which introduces 
negligible attenuation at all frequencies within 
the range between two frequencies, and rela¬ 
tively high attenuation at other frequencies. 

4. The band elimination filter, which intro¬ 
duces negligible attenuation at all frequencies 
outside a certain range, and relatively high at¬ 
tenuation at frequencies inside that range. 

For information that covers the theory of 
operation of these filters, refer to Basic Elec¬ 
tronics, NavPers 10087-B. 

The normal characteristics of a filter are 
obtained only when the filter is properly termi¬ 
nated in its characteristic impedance. 

A wave trap is a filter or network especially 
designed to reject certain frequencies, or bands 
of frequencies. Networks of this type may be 
installed at the antenna of the transmitter or re¬ 
ceiver in order to attenuate frequencies outside 
of the assigned frequency range of the equip¬ 
ment. All such networks must have low inser¬ 
tion loss, or attenuation, for the pass frequen¬ 
cies. In the design and construction of wav e 
traps, the insertion loss is usually below 2 db. 


There are two basic circuit configurations 
for filter networks, the pi-section and the T- 
section. Each may be broken down into half 
sections which have an inverted L-shape and 
are known as L-section filters. If a number of 
pi- or T-sections are connected in series to 
form a filter, the resultant network is called a 
ladder network. Any of the above circuit con¬ 
figurations may be used for radio interference 
elimination. 

In general, the use of simple capacitor fil¬ 
ters is to be preferred over that of the more 
complicated network filters in cases where this 
type of filter provides the required degree of 
radio interference attenuation. In this method, 
the RF noise energy passes through the capaci¬ 
tor to ground. This short-circuiting effect is 
due to the fact that the capacitor offers a very 
low impedance path across the noise source 
terminals. 

A given capacitor is effective in bypassing 
only a limited range of radio interference fre¬ 
quencies because of its internal inductance and 
the inductance of the connecting leads. The in¬ 
ductance of the capacitor depends upon its 
capacity, the material of which it is fabricated, 
and the length of the connecting leads. 

The capacitor leads are the major contribu¬ 
tors to the inductance of capacitors. There¬ 
fore, small mica capacitors with short leads 
are more effective as filters at high frequencies 
than large paper capacitors with normally long 
leads. Electrolytic capacitors should never be 
used as filters because of the danger of dielec¬ 
tric breakdown. 

The advantage of the capacitor type filter is 
due to the fact that the current used for opera¬ 
tion of the radio noise source does not have to 
pass through the filter. The only energy pas¬ 
sing through the filter is the noise energy. The 
most important limiting factor in the choice of 
a capacitor-type filter is the breakdown voltage 
rating of the capacitor. It must be well above 
the voltage used to operate the source of noise 
to be filtered. For example, where a 24-volt 
source of noise is to be bypassed with a capaci¬ 
tor, the working voltage of the capacitor should 
be at least 50 volts. 

From the discussion in the preceding para¬ 
graphs it can be seen that equipment design is 
the prime factor in elimination and control of 
noise interference. It is also obvious that the 
responsibility of the AQ for detecting and main¬ 
taining control of interference is not limited to 
the equipment for which he is directly respon¬ 
sible, since operation of fire control equipment 
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will no doubt also affect other systems. In fact 
many times radio interference is traced directly 
to fire control equipment. All maintenance 
personnel must be on the alert for possible 
sources of interference and must maintain the 
equipment in its original design configuration. 
This is especially important where shielding 
and bonding are concerned, since bonding and 
shielding are often disturbed during mainte¬ 
nance procedures. This is especially true 
during installation of changes in an equipment 
where rerouting of leads and cables, or the in¬ 
stallation of new leads or cables is required. 

CORROSION CONTROL 

In modern aircraft, the need for corrosion 
control has become a major concern in the 
availability and maintenance of our striking 
forces. This is because corrosion is some¬ 
thing that destroys equipment and is active 24 
hours a day. It is of the utmost importance 
that its nature be understood in order to com¬ 
bat corrosion. 

Most of the useful metals used today have 
been refined from natural ores found in the 
earth’s surface. These metals are extracted 
from the ore and are used in various combina¬ 
tions to form alloys with distinct properties. 
Some of these properties are light weight, 
strength, and resistance to extreme tempera¬ 
tures. These refined metals have a tendency 
to return to their natural state, but proper cor¬ 
rosion control will prevent this action taking 
place. 

With the strength demands being made of 
metals, corrosion control becomes more im¬ 
portant because corrosion weakens the metals, 
thereby causing structural failure. This type 
failure will cause aircraft safety to decrease 
and cost of repairs to increase. 

CHEMICAL CORROSION 

Most surface corrosion is chemical in na¬ 
ture and is generally caused by salts, acids, or 
gases coming in contact with the metallic sur¬ 
faces of the aircraft or equipment. 

Aircraft and their associated equipment 
which are based aboard ship are particularly 
vulnerable to salt spray and gases which origi¬ 
nate on board a ship. Shore-based aircraft are 
also exposed to contamination, but to a some¬ 
what lesser degree. Although salt spray and 
gases in the atmosphere cause rapid chemical 
corrosion, it should be understood that some 
corrosion will take place under the most ideal 
situations. 


Chemical corrosion is a chemical process 
which is essentially the reverse of the process 
of extracting the metals from their ores. For 
the most part, metals occur naturally as me¬ 
tallic oxides. After refining, regardless of 
whether or not alloyed, base metals generally 
possess a tendency to return to their natural 
state. However, this is not sufficient in itself 
to initiate and promote this reversion. There 
must also exist a corrosive environment in 
which the significant element is oxygen. Cor¬ 
rosion, then, is the process of oxidation. 

ELECTROCHEMICAL CORROSION 

While chemical corrosion is generally 
readily apparent, electrochemical corrosion is 
insidious in its destruction. Electrochemical 
corrosion includes galvanic or dissimilar met¬ 
als corrosion. This type of corrosion is caused 
by an exchange of electrons between two me¬ 
tallic areas of different activity (potential) by 
way of an electrolyte. Three conditions must 
be present in order for electrochemical corro¬ 
sion to take place. The first condition is that 
two or more areas of metal are needed to act 
as electrodes. The second condition is the re¬ 
quirement of the presence of an electromotive 
force. The last requirement is the presence of 
an electrolyte to complete the formation of a 
cell. 

It is not necessary to know all the theories 
concerning electrochemical corrosion, but a 
brief understanding of the deterioration of met¬ 
als will be beneficial in combating this type of 
corrosion. 

An ordinary flashlight cell serves as a good 
subject to explain electrochemical corrosion. 
(See fig. 4-2.) The outside container is made 
of zinc and serves as the anode which is cor¬ 
roded as the cell is operated. The cathode of 
the chemical cell is the carbon electrode in the 
center of the cell. The moist ammonium and 
zinc chloride paste within the zinc container is 
the electrolyte which electrically connects the 
carbon electrode with the zinc anode. 

If a conductor is connected externally to the 
electrodes of a cell, electrons will flow under 
the influence of a difference of potential across 
the electrodes from the zinc (-) through the ex¬ 
ternal circuit to the carbon (+) returning within 
the electrolyte to the zinc. As the electrons 
flow, the zinc coating will oxidize. This oxida¬ 
tion is the same as corrosion. For a more de¬ 
tailed explanation of the operation of a cell, 
refer to Basic Electricity, NavPers 10086-B. 
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POSITIVE TERMINAL 



Figure 4-2. -Dry cell, cross sectional view. 


Since the only requirements for a cell are 
cathode, anode, and electrolyte, it should be 
apparent that the physical size of a cell is de¬ 
pendent only on the physical size of its compo¬ 
nents. A cell may be formed where a resistor 
lead is soldered to a terminal, two sheets 
of metal are joined, or around a rivet head and 
the adjacent metal. (See fig. 4-3 (A) and (B). 
A cell may even be formed when an electrolyte 
is present on one price of metal where two 
metallic crystals in the same alloy, but of 
different composition, are in electrical contact 
with each other (See fig. 4-3 (C).) 

While the formation of one minute call may 
be insignificant, it should be understood that a 
cell will continue to grow as long as the corro¬ 
sion action is allowed to continue. This cell 
expansion may take place in a short period of 
time and become a significant structural safety 
factor due to the deterioration of the metal. 

It should be apparent that the presence of an 
electrolyte allows corrosion to take place. The 
more efficient the electrolyte and the greater 
the potential difference between anode and cath¬ 
ode, the higher the corrosion rate (growth) will 
be. It should be noted that the anode and cath¬ 
ode are always present and cannot be removed; 
therefore,the solution to the problem of corro¬ 
sion is to remove the electrolyte. When the 
electrolyte is removed, a cell no longer exists 
and corrosion is held to the minimum. 


Both types of corrosion normally depend on 
moisture to form an electrolyte. Even moisture 
in the air is often sufficient to start the corro¬ 
sion action. All attacks of corrosion start on 
the surface of the metal where it is exposed to 
the corrosive environmental; and if allowed to 
progress, it will work its way into the core of 
the material. Since corrosion never originates 
in the core, there is always some form of 
evidence of corrosion on the surface. 

CORROSION PREVENTION 

Now that it is understood that the "villain" 
of corrosion is the electrolyte, the solution to 
corrosion prevention is to keep any electrolyte 
from coming into contact with the electrodes. 
This is accomplished by keeping a protective 
coating on the metallic surfaces. 

Much has been done to improve the corro¬ 
sion resistance of naval aircraft. This is in the 
area of improvement in materials, surface 
treatments, insulation, and protective finishes. 
All of these have been aimed at reducing main¬ 
tenance effort as well as improving reliability. 
In spite of these improvements, corrosion and 
its control are very real problems that require 
a continuous preventive maintenance program. 

Corrosion preventive maintenance includes 
the following special functions: 

1. An adequate cleaning program. 

2. Thorough periodic lubrication. 

3. Detailed inspection for cor r os ion and 
failure of protective systems. 

4. Prompt treatment of corrosion and 
touchup of damaged protective coating. 

Inspection 

Inspection for corrosion is a continuing 
problem and should be handled on a day-to-day 
basis. Over-emphasizing a particular corro¬ 
sion problem when it is discovered, and then 
forgetting about corrosion until the next crisis, 
is an unsafe, costly, and troublesome practice. 

Most periodic maintenance requirement in¬ 
formation has been placed on Maintenance Re¬ 
quirements Cards which are complete enough 
to cover all equipments in the aircraft. No 
equipment of the aircraft should go unchecked. 
Through experience, it will be learned that most 
equipments have trouble areas where corrosion 
will occur. Equipments in helicopters are par¬ 
ticularly susceptible to corrosion due to the 
tactics in which the helicopters participate. 
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AT. 275 

Figure 4-3. -Electrochemical corrosion. 


Protective Measures 

An effective protection from corrosion re¬ 
quires the earliest possible repair of damaged 
protective coatings, including the removal of 
corrosion products and the restoration of cor¬ 
roded surfaces. This involves the maximum 
use of supplementary protective agents during 
any waiting periods or until such time as more 
positive protection can be restored. It must be 
a continuous program and recognized as a 
specific responsibility. 

Periods of neglect or touchup maintenance, 
which may be necessary under operating condi¬ 
tions, should be followed by a period of concen¬ 
trated effort to correct any deficiencies which 
have started. A successful preventive mainte¬ 
nance program will tend to reduce the effects 
of severe service environments and the suscep¬ 
tibility of most aircraft and equipment to dam¬ 
age by these environments. 

ANTICORROSION MATERIALS. -During 
manufacture, electronic equipments are usually 
sprayed with a protective coating that seals out 
moisture, thus preventing corrosion and fungus 
growth. In repair of these equipments, it is 
sometimes necessary to remove the protective 


coating by scraping or by the use of a solvent 
cleaner. 

After making circuit repairs, the protective 
coating should be replaced. Rosin fluxes form 
coatings on solder connections that prevent ox¬ 
idation during and after the soldering process, 
thus providing one form of replacement. A 
good general rule is that materials used should 
be those covered and controlled by military 
specifications, preferably those authorized spe¬ 
cifically for use on aircraft. Use nonspecifica¬ 
tion materials only in emergencies, or where 
specific instructions so direct. 

FUNGUS-RESISTANT MATERIALS. -Fungus 
susceptibility of materials has long been a se¬ 
rious problem, particularly with electronic 
equipments which may be subjected to extremes 
of humidity under tropical temperatures. While 
the fungus itself is objectionable since it gen¬ 
erally "fouls” all types of equipment, its most 
serious effect is the increased possibility of 
shorting and arcing because of its moisture 
content. 

The fungus problem has been further aggra¬ 
vated in the past decade by the increased use of 
a large number of organic materials in equip¬ 
ment used by the Navy. These materials vary 


69 


Digitized by Google 




AVIATION FIRE CONTROL TECHNICIAN 1 & C 


in nature and size from large sheets of rein¬ 
forced plastic for structural components to 
special dielectric substances used in complex 
electronic gear. 

Fungus removal generally follows the same 
procedures of corrosion removal. 

CORROSION REMOVAL 

In corrosion control, time is of the essence. 
Until the electrolyte is removed, the chemical 
reaction will continue. Although most of the 
electrolyte is removed, some will remain in 
inaccessible locations of the chassis or mod¬ 
ules making the cleaning process particularly 
difficult. 

When this occurs, the proper procedures 
and cleaning materials must be used. The re¬ 
mainder of this discussion will be devoted to 
the techniques and materials used in correcting 
this problem. 

The extent of cleaning, using the following 
techniques, requires the decision of the 
Corrosion Control Officer assigned to the 
organization. 

Dry Cleaning 

When corrosion or salt crystals are dis¬ 
covered in a piece of equipment, as much of 
this as possible should be removed by dry 
methods. This entails breaking the solids from 
the metallic parts by wiping with a dry cloth or 
brushing with a stiff bristle brush. Care should 
be taken not to damage any of the components 
of the equipment. 

Any remaining loose residue should be re¬ 
moved by the use of low pressure dry air. 

Although it may appear that all of the con¬ 
tamination has been removed, this generally is 
not the case. At this point a decision must be 
made as to the possibility of contamination ex¬ 
isting in the inaccessible or undetectable areas 
of the equipment. If this decision indicates that 
contamination still remains in the equipment, 
then further steps must be taken in the form of 
liquid cleaning. 

Fresh Water 

Although immersion or flushing of electronic 
and other equipment in or with water violates 
previous training, fresh water is one of the 
agents used to remove salt water and deposits 
from equipments. After the equipment has been 
subjected to fresh water, the water must then 


be removed. This may be accomplished by dry 
air pressure, by the use of spray (water dis¬ 
placement) fluid, or by a drying oven. 

DRY AIR PRESSURE. -If compressed air is 
not available, any type of compressor that will 
deliver clean dry air at 80 psi will be adequate 
to furnish air for spray cleaning and for blowing 
as much water as possible from the wet equip¬ 
ment before using the water-displacing fluid. 

WATER-DISPLACING FLUID.-This fluid is 
generally available in pressurized aerosol cans 
or in drums and is called a spray-dry water- 
displacement composition. A paint spray gun 
or other spraying equipment for applying bulk 
water -displacing composition in a fine mist 
may be used if an aerosol-pressurized water- 
displacing composition is not available. 

The equipment is sprayed with this compo¬ 
sition, and then some means of drying such as 
heat oven, air pressure, or natural evaporation 
should be employed. 

DRYING. -Forced draft ovens with accurate 
temperature control large enough to accommo¬ 
date the equipment being cleaned are preferable 
for final drying of the cleaned equipment. If 
ovens are not available, a small room equipped 
with an exhaust fan and heaters can be used. 
The temperature in the drying facilities should 
be between 120° and 160° F, depending upon the 
temperature sensitivity of the equipment being 
dried. If a heated room is used for drying, its 
temperature should be at least 30° F above the 
ambient temperature. 

Detergent 

In some cases a deter gent must be used. 
The detergent is available in aerosol type con¬ 
tainers or in bulk form. Detergent is used 
because salt crystals have formed on the 
equipment or an oily deposit is present in the 
equipment. The detergent will dissolve the salt 
crystals and will also emulsify and suspend oil 
deposits in the solution. In either case, fresh 
water must be used to rinse the contamination 
solution from the equipment. 

Ultrasonic Tanks 

An ultrasonic tank is a container for fresh 
water or a cleaning agent. The solution is vi¬ 
brated either by a transducer or by forced air. 
The agitation helps remove particles from in¬ 
accessible areas of the electronic equipments. 
The frequency of the transducer is in the ultra¬ 
sonic range (above 15 kilohertz) and accom¬ 
plishes the cleaning in a much shorter period 
of time than the forced air. When equipment 
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has been removed from an ultrasonic tank, the 
previously mentioned procedures for drying 
should be completed. 


SALVAGE PROCEDURES 

The following steps comprise the routine 
procedure for salvaging sea water contaminated 
electronic equipment: 

1. Immediately after remove of the equip¬ 
ment from sea water contamination, th;e equip¬ 
ment should be flushed thoroughly with fresh 
water. 

2. The equipment should be disassembled 
to units of a size that permits immersion in an 


ultrasonic bath and to allow better access of 
cleaning solutions. 

3. Remove contamination with emulsion 
cleaning composition in the ultrasonic tank. 

4. Rinse in an ultrasonic tank of fresh 
water or rinse with a fresh water spray. 

5. Blow the rinse water from the equipment 
with clean compressed air and follow with an 
application of water -d i s p 1 a c i n g composition. 

6. Dry in an oven or by natural evaporation. 

7. Check for damage, repair and lubricate 
as required, then return to service. 

Equipment which cannot be dismantled or is 
too large for cleaning in the ultrasonic tank can 
often be cleaned by spraying with a cleaning 
emulsion. Upon completion of the emulsion ap¬ 
plication, the equipment should be rinsed and 
dried as previously indicated. 
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RADAR SYNCHRONIZERS 


The circuits in an aviation fire control radar 
system that control or synchronize the opera¬ 
tion of the various components of the system are 
known as timing circuits. 

The functions which the timing circuits must 
perform depend to a large extent upon the pur¬ 
pose of the set, the type of modulator used, and 
the method of data presentation employed. 
Thus, the functional block diagram shown in 
figure 5-1 (A) does not apply to any particular 
set, but shows a method of control (timing) 
which is used in aviation fire control radar 
sets. 

Figure 5-1 (B) shows the control pulses 
furnished by the timer and their proper time 
relationships to the transmitted pulse. 

The first pulse (waveform (1), fig. 5-1 (B)), 
is the modulator trigger. It causes a pulse of 
RF energy to be transmitted as shown in wave¬ 
form (2). The modulator trigger also acts as a 
reference point from which the other operations 
are timed. 

The timer also supplies a trigger pulse to 
start the range sweep as shown in waveform (3). 
It should be noted that the sweep trigger pre¬ 
cedes the modulator trigger pulse. This pro¬ 
vides sufficient time for the sweep generator 
to overcome its nonlinear characteristics which 
will be discussed later. However, in some avi¬ 
ation fire control radar sets both the modulator 
trigger and the range sweep trigger are delayed. 
The modulator trigger delay is a fixed amount, 
and the range sweep delay may be varied to al¬ 
low the start of the range sweep as desired. 
This enables the range sweep trigger to start 
the sweep at exactly the same time as the trans¬ 
mitter fires, regardless of any inherent delay 
in the sweep circuit. This time is usually re¬ 
ferred to as time zero (t Q ), shown as the dotted 
line in figure 5-1 (B). 

Another voltage which the timer may supply 
is an intensifier pulse, waveform (4), usually 
referred to as an intensity gate. The intensity 
gate functions to blank the indicator except dur¬ 
ing the time of the desired range sweep. Thus, 
signals arriving outside the time interval cor¬ 
responding to the desired range are eliminated. 
The intensity gate shown in waveform (4) is ap¬ 


plied to the grid of the CRT. This gate cancels 
the CRT's disabling voltage, thus allowing the 
video signal to intensity-modulate the electron 
stream. An alternate method is to make the 
CRT normally operative and to apply a negative 
gate, or blanking pulse, to blank the screen 
when signals are not to be received. 

An important function of any radar set is the 
determination of range of the targets observed. 
The methods of range determination vary. Some 
use a simple transparent overlay (upon which 
ranges are marked) for the indicator screen. 
Others have complex circuits used for very 
accurate range measurements in aviation fire 
control systems. One method for fire control 
sets is the use of range markers generated in 
the timer. The markers are pulses of very 
short duration, as shown in waveform (5) of 
figure 5-1 (B). These pulses, separated by 
specific intervals of time, are applied to the 
indicator in the same manner as video signals. 
They appear as straight lines on a B-type indi¬ 
cator or circles on a PPI-type indicator. 
(NOTE: Indicators are discussed in chapter 8 
of this manual.) 

All the control pulses described and illus¬ 
trated in figure 5-1 (B) are repetitive; that is, 
they appear once during each cycle of operation. 
The timer furnished several series of pulses, 
each having the proper waveform and time re¬ 
lationship to the others. In order that a timer 
may provide these control pulses, it must con¬ 
tain the following elements: 

1. A master oscillator to determine the 
pulse repetition frequency (PRF). This is us¬ 
ually a multivibrator. 

2. A means of forming pulses of the desired 
shapes and time relations (usually multivibra¬ 
tors, blocking oscillators, and delay circuits). 

3. Circuits capable of matching the wave¬ 
form generator to either its output circuit or to 
a transmission line without distortion of the 
waveform (the cathode follower). 

All of the previously mentioned circuits have 
been discussed in detail in the Rate Training 
Manual, Basic Electronics, NavPers 10087-B. 
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Figure 5-1. - (A) Block diagram showing functions performed by a typical AFC radar 


timer; (B) synchrogram of control pulses furnished by the timer shown in figure 

5-1(A). 
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Figure 5-2. -Simplified block diagram of a synchronizer using a multivibrator master timer. 


The remainder of this chapter will consider in 1. Establishes the pulse recurrence fre- 

detail those circuits which are found most fre- quency. 

quently in the various aviation fire control ra- 2. Triggers the range marker generating 

dar synchronizers and not discussed thus far. circuits. 

3. Triggers the sweep circuits. 

MULTIVIBRATOR TIMER 4. Triggers the transmitter. 

5. Establishes a time base for the intensity 
The multivibrator type master oscillator is gate, 
used in most aviation fire control radar sys- Figure 5-2 is a simplified block diagram of 

terns, and is usually referred to as the heart of a synchronizer utilizing a multivibrator as the 

the radar. The multivibrator timer may do the master timer, 

following: 



Figure 5-3. - Free-running multivibrator. 
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The master trigger multivibrator is free 
running. Its output frequency, which is de¬ 
termined by the time constants of the RC net¬ 
works in the grid circuits determines the PRF 
of the set. Figure 5-3 is an illustration of a 
free-running multivibrator. C1R3 and C2R4 
make up the RC networks in the grid circuits. 

The output taken from the plate circuit is fed 
to the fixed delay circuit for firing the trans¬ 
mitter and the variable delay, or directly to the 
range sweep circuits if no sweep delay is to be 
employed. (Refer to fig. 5-2.) The fixed delay 
circuit delays the firing of the transmitter until 
the nonlinear portion of the range sweep is past. 
The output of the fixed delay is then fed to the 
modulator and range marker circuits simul¬ 
taneously. Thus, the range marker circuits are 
turned on at the time the transmitter fires, and 
turned off at the end of the range sweep time by 
a pulse from the range sweep circuits. The 
output of the range marker circuits is fed to the 
indicator in the form of evenly spaced pulses and 
appear as intensified range lines on the scope. 

The trigger to the range sweep circuits may 
be either delayed or direct. If direct, the range 


sweep will start immediately; if delayed, the 
range sweep will start sometime after the 
transmitter is fired, delay time being equal to 
the output of the variable delay circuit. 

The range sweep circuits provide the indi¬ 
cator with sweeps of various time duration 
(ranges). They also furnish trigger pulses to 
start and stop operation of the intensity gate 
circuit (for unblanking the indicator during 
sweep time only), and an output to the range 
marker circuits to turn the marker circuits off 
at the end of sweep time. 

FUNCTIONAL OPERATION 
OF SYNCHRONIZER 

Now that you have a general idea of the ba¬ 
sic requirements of a radar synchronizer, its 
operation will be discussed in more detail. 

Figure 5-4 is an illustration in block form 
of a typical radar synchronizer similar to the 
type used in the AN/ASB -1 bomb director system. 

For ease of explanation, the synchronizer 
circuits have been grouped into the following 
types: 



Figure 5-4. -Synchronizer block diagram. 
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1. Trigger and delay. 

2. Range sweep. 

3. Sweep gate. 

4. Intensity gate. 

5. Range marker. 

6. Azimuth marker. 

7. Marker mixer. 

The circuits in each block and their input 
and output waveforms are discussed in the fol- 
owing paragraphs. 

TRIGGER AND DELAY CIRCUITS 

Master Trigger Multivibrator 

This circuit produces the timing pulses from 
which the timing of the complete radar is con¬ 
trolled. Its output determines the repetition 
frequency of the radar set. Typical PRF’s used 
in fire control are: 

1. 800 pps on short range. 

2. 400 pps on beacon operation. 

3. 200 pps on long range. 

The output of the master trigger multivibra¬ 
tor is fed to the fixed delay circuit and to the 
master trigger output circuit. 

Fixed Delay and Modulator 
Trigger Circuits 

The function of the fixed delay circuit is to 
delay the modulator trigger pulse for 8 jiisec. 
This delay is sufficient to allow use of the most 
linear portion of the output from the range sweep 
generator. The modulator trigger circuit gen¬ 
erates the modulator trigger pulse when trig¬ 
gered by the output of the fixed delay circuit. 
It also provides the necessary impedance match 
between the fixed delay circuit and the cable 
used to transmit the trigger pulse to the modu¬ 
lator. A timing pulse for starting the range 
marker circuits is also provided. 

Master Trigger Output 

The master trigger output circuit differenti¬ 
ates the square wave supplied by the master 
trigger multivibrator and forms a negative 
output pulse at the desired PRF. This negative 
pulse is called the master timing pulse (trigger). 
It provides the trigger (without delay) for start¬ 
ing the range sweep generator circuits on nor¬ 
mal operations. It also supplies the variable 
delay circuit with a starting trigger when the 


equipment is using altitude delay (ALT. DEL.) 
or time delay (T.D.). 

Variable Delay Circuit 

This circuit delays the sweep generator trig¬ 
ger received from the master trigger output cir¬ 
cuit. The delay, which is determined by the 
mode of operation being employed, is generated 
by a phantastron circuit which is discussed 
later in this chapter. 

RANGE SWEEP CIRCUITS 

The purpose of the range sweep circuit is to 
produce a linear time base for determining tar¬ 
get range. Referring to figure 5-4, it should be 
noted that the only input to the circuit is applied 
to the sweep gate multivibrator. This multivi¬ 
brator is triggered by a negative pulse supplied 
by the master trigger output stage on normal 
operation, or by the variable delay circuit on 
altitude delay and time delay operation. The 
multivibrator produces a positive square wave 
gating voltage which is applied to the sweep 
clamp circuit which controls the generation of 
the sawtooth. It also produces a negative square 
wave voltage which provides a compensating 
gate trigger pulse at the end of the range sweep 
time. 

The output sawtooth is amplified and fed to 
the sweep drivers where it is further amplified. 
It should be noted that an output from the sweep 
driver is fed back to the first sweep amplifier 
and through a bootstrap amplifier to the sweep 
clamp and charging clamp. The feedback loop 
helps to improve the linearity of the sweep. 
This is explained under ’'Circuit Analysis. " 

The output of the sweep driver is fed to a 
transformer where it is combined with the out¬ 
put from the compensating gate driver. The 
composite waveform is fed to the sweep re¬ 
solver located on the antenna. 

The compensating gate circuits are employed 
to produce the necessary waveform to return the 
range sweep to its correct starting point prior 
to the start of the next range sweep. It is trig¬ 
gered by an output from the sweep gate multi¬ 
vibrator at the end of range sweep time. The 
compensating gate driver provides the neces¬ 
sary amplification based on the requirements 
of the set. 

RANGE MARKER CIRCUIT 

The primary function of the range marker 
circuit is to provide range markers to be used 
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bias. The output waveform must be synchro¬ 
nized with the range sweep voltage and be of 
equal time duration. 

AZIMUTH MARKER CIRCUIT 

The azimuth marker is a line produced once 
each scan to provide the operator with the ne¬ 
cessary bearing information. The azimuth 
marker circuit generates the electrical pulses 
which appear as azimuth markers. However, 
these pulses are not fed directly to the indica¬ 
tors but are fed through the marker mixer 
circuit where they are combined with other 
markers. 

MARKER MIXER CIRCUIT 

The inputs to the marker mixer circuit are 
range marks from the range marker circuits 
and azimuth markers. The function of this cir¬ 
cuit is to further amplify these markers before 
they are fed to the indicators. 



in determining range to targets. It also supplies 
a gating pulse to the intensity gate circuit on 
normal operation. It consists of a range marker 
gate, range marker gate cathode follower, range 
marker swtich, range marker oscillator, range 
marker squaring amplifier, and the final ampli¬ 
fying and shaping circuit called the range 
marker generator. The output range marks are 
fed to a marker mixer. 

SWEEP GATE CIRCUIT 

The purpose of the sweep gate circuit is to 
control the operation of the intensity gate cir¬ 
cuit when either T.D. or ALT. DEL. is being 
used. This insures that the intensity gate cir¬ 
cuit works in unison with the sweep generator. 

INTENSITY GATE CIRCUIT 

The purpose of the intensity gate circuit is 
to produce a rectangular waveform which is 
applied to the indicator to overcome its blanking 
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CIRCUIT ANALYSIS 

The theory of operation of the circuits rep¬ 
resented by the synchronizer block diagram 
(fig. 5-4) is discussed in this section. However, 
the discussion of basic circuits, covered in de¬ 
tail in Basic Electronics, NavPers 10087-B, is 
limited to their application in the operation of 
the synchronizer. 

MASTER TRIGGER 
MULTIVIBRATOR CIRCUIT 

The master trigger multivibrator circuit is 
a free-running multivibrator. (See fig. 5-5.) 


The circuit is basically the same as the free- 
running multivibrator discussed in chapter 8 of 
Basic Electronics, NavPers 10087-B. However, 
the circuit illustrated in figure 5-5 utilizes a 
somewhat different grid circuit. It should be 
noted that relays are used to connect capacitors 
in parallel with the grid capacitor in each grid 
circuit. This permits the output frequency to be 
changed by energizing the various relays as the 
equipment’s mode of operation is changed. 

Another variation from the basic circuit is 
the manner in which the grids are connected. 
In the discussion of the basic circuit in Basic 
Electronics, the grid resistors are connected 
to ground. However, by connecting the grid 



Figure 5-6. -Time versus grid voltage. 


AQ. 10 


78 


Digitized by LjOOQle 






Chapter 5-RADAR SYNCHRONIZERS 


resistors to the B-plus supply, the stability of 
the oscillator is increased. 

By studying the graph of time versus grid 
voltage (fig. 5-6), the reason for the increased 
frequency stability should be apparent. Curve 
A is the RC discharge curve with the grid re¬ 
sistor connected to B-plus. Curve B is the dis¬ 
charge curve with the grid resistor returned to 
ground. It should be noted that the RC times of 
the two curves are exactly the same, but the 
curves differ considerably in slope. 

For the purpose of explanation, assume that 
line C is the cutoff point for the tubes shown in 
figure 5-5. Note the points at which curves A 
and B cross line C. Now consider a change in 
circuit conditions which would move the cutoff 
of each tube to line D. Such a change could re¬ 
sult from a change in temperature within the 
equipment, from vibration, or from a change in 
altitude. The difference in time required for 
each grid to reach cutoff is represented by 

and Tg. is much larger than which would 
result in a smaller change in output frequency 


for the circuit represented by curve A. The 
changes shown in figure 5-6 are greatly exag¬ 
gerated for the purpose of illustration. 

Resistor R6 (fig. 5-5) is used to make afine 
adjustment on the output PRF. The adjustment 
affects all modes of operation and is performed 
when alining the synchronizer. 

The output of the multivibrator is taken from 
the plate of VI and is a positive rectangular 
waveform at a PRF rate. It is coupled through 
CIO to the fixed delay circuit V4 to be shaped 
into a triggering pulse for the transmitter and 
range marker circuits. The square wave is also 
coupled through C9 to V3, the master trigger 
output stage to be shaped into a trigger pulse for 
the range sweep circuit. 


MASTER TRIGGER, FIXED DELAY, 

AND MODULATOR TRIGGER 

For the discussion on the master trigger out¬ 
put, fixed delay, and modulator trigger circuits, 
refer to figures 5-7 and 5-8. 



DELAY TRIG. 

AQ. 11 

Figure 5-7. -Master trigger output, fixed delay, and modulator trigger circuits. 
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Figure 5-8. - Waveforms of master trigger multivibrator, master trigger output, fixed delay 

and modulator trigger circuits. 


Master Trigger Output 

The master trigger output stage consists of 
a typical cathode follower with an RC network in 
its grid circuit. This network, consisting of C9, 
R8, and R9, presents a short RC time constant 
to the input positive square wave from the mas¬ 
ter trigger multivibrator. The square wave 
(waveform (1), fig. 5-8) is differentiated as 
shown by waveform (2). 

By studying the circuit, it should be obvious 
that the positive spike will not affect the conduc¬ 
tion of V3 since the grid will draw current and 
quickly charge C9. However, the negative spike 
formed by differentiating the trailing edge of 
the positive square wave will greatly reduce 
plate current in V3. Thus, the negative spike 
will appear across R9, which develops the out¬ 
put of the stage. 

The negative output trigger pulse is fed 
directly to the variable delay circuits and to 
the sweep gate circuit through K14B, on normal 
operation. 


Fixed Delay and Modulator 
Trigger Circuits 

The fixed delay circuit consists of an input 
differentiating network (CIO and Rll), a switch 
tube, and an integrating network in its plate 
circuit. The switch tube V4 is maintained near 
zero bias by returning the grid to B-plus through 
Rll. 

The modulator trigger consists of a blocking 
oscillator with provisions for taking an output 
from both the plate and cathode circuits. The 
oscillator is biased below cutoff in static condi¬ 
tion by the negative voltage divider network 
formed by R15 and R17. 

The positive square wave from the master 
trigger multivibrator is applied to the grid of 
V4 through the differentiating network. Since 
V4 is already conducting heavily, the positive 
spike formed by the leading edge of the square 
wave input has no appreciable effect on the 
tube’s output. However, the negative spike, 
formed by the trailing edge of the input square 
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wave, cuts off V4. With tube current cut off, 
the plate voltage would normally rise toB-plus. 
However, it should be noted that Cll is connec¬ 
ted in series with R19 between the plate and 
ground. Thus, an integrating network is formed 
by R13, R19, and Cll. 

As the plate voltage rises, based on the RC 
time of R13, R19, and Cll, a positive-going 
sawtooth voltage is fed to the grid of V5. As 
this sawtooth voltage continues to increase, it 
will overcome the negative 52 volts on its grid, 
thus driving the tube into conduction. When con¬ 
duction begins, the circuit operates as any trig¬ 
gered blocking oscillator. The time required to 
bring the grid of V5 up to cutoff is determined 
by the RC time of R13, R19, and Cll, and the 
static state bias on V5. This is the delay time 
which is fixed at 8 fi sec. by the size of the com¬ 
ponents shown in figure 5-7. 

The modulator trigger outputs consist of a 
negative spike fed to the range marker gate 
circuit, and a positive spike which is used to 
control the firing of the modulator. Note that 
capacitor C13 is connected between pin 1 of T1 
and ground. It is used to broaden this waveform 
by reducing the slope of the output pulse, thus 
insuring positive triggering of the range marker 
gate. 


VARIABLE DELAY CIRCUITS 

The purpose of variable delay circuits in 
aviation fire control radars is to provide the 
various time delays necessary between the 
operation of two or more circuits. They may 
be used to provide better target discrimination 
on the radarscope as illustrated in figure 5-9. 
Infigure 5-9 (B), this is accomplished by delay¬ 
ing the start of the sweep for an interval corre¬ 
sponding to 90 miles of radar range after the 
transmitter has fired. Then a 30-mile sweep 
(a faster sweep), is triggered, resulting in the 
100-mile target appearing in the center portion 
of the 30-mile delayed sweep. The faster sweep 
will also make the target appear larger for bet¬ 
ter discrimination. 

Phantastron delay circuits are used exten¬ 
sively in aviation fire control equipment. Thus, 
to aid in understanding the variable delay cir¬ 
cuits, a basic phantastron circuit is explained, 
followed by a discussion of a typical delay 
circuit. 

Basic Phantastron Delay Circuit 

The phantastron circuit is a medium pre¬ 
cision delay circuit used to delay a timing pulse. 



(A) (B) 


1. 120 MILES UNDELAYED SWEEP. 1. 30 MILE SWEEP DELAYED 90 MILES. 

2. 20 MILE RANGE MARKERS. 2. 10 MILE RANGE MARKERS. 

3. TARGET AT 100 MILES. 3. TARGET AT 100 MILES. 

4. TARGET COVERS 1 MILE AREA. 4. TARGET COVERS 1 MILE AREA. 

5. TARGET AREA TO SWEEP LENGTH - 1/120. 5. TARGET AREA TO SWEEP LENGTH - 1/30. 

6. TARGET SMALL AND UNDEFINED. THERE- 6. TARGET 4 TIMES LARGER AND WELL 

FORE POOR TARGET DISCRIMINATION. DEFINED. THEREFORE BETTER TARGET 

DISCRIMINATION. 


Figure 5-9. -Radarscopes showing time delay. 
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GRID I TO GROUND VOLTAGE 
fiSA7 CHARACTERISTIC FOR ABOVE CIRCUIT 



Figure 5-10. -Phantastron circuit. (A) Basic 
circuit; (B)6SA7 characteristic curve; (C) 
phantastron circuit voltage waveforms. 


Its operation and output are very similar to the 
one-shot multivibrator circuit discussed in 
chapter 8 of Basic Electronics, NavPers 10087- 
B. The phantastron circuit is quite stable under 
normal power supply voltage fluctuations be¬ 
cause its operation depends on the fact that 
there is a specific d-c voltage relationship be¬ 
tween the tube elements. Any variation of 
source voltage varies the voltage between the 
tube elements in the same proportion, causing 
a minimum change in the voltage relationship 
since all voltages are supplied by dividers 
across the same voltage source. The phantas¬ 
tron has the unique advantage over the multivi¬ 
brator delay circuits in that the pulse width, or 
delay, varies directly with one of the applied 
d-c voltages. This control by a d-c voltage 
makes remote control feasible at any distance 
through unshielded power cables since there is 
no signal present in the control circuit. 

Study the basic phantastron circuit and its 
associated waveforms shown in figure 5-10. 
This circuit is never free running and is usually 
triggered by a negative pulse at the control grid 
(grid No. 1). Consider first the conditions be¬ 
fore the trigger pulse arrives. Grids 2 and 4, 
which are tied together inside the tube, are con¬ 
nected to a voltage divider from plus 300 volts. 
The normal output of the divider is 86 volts. 
But with zero control grid voltage and 86 volts 
on grid 2, 4 ma of current will flow to grid 2. 
This additional current in the voltage divider 
drops grid 2 to 68. 7 volts. Grid 3 is connected 
to a voltage divider which sets its voltage at 27. 3 
volts. This grid does not draw current because 
it is negative with respect to the cathode. The 
current through the 10K cathode resistor is 4 
ma. Since the cathode is 40 volts above ground, 
the grid 3 to cathode voltage is 40 - 27. 3 = 12. 7 
volts. When grid 3 is more than 12 volts nega¬ 
tive with respect to the cathode, it prevents 
electrons from passing- it in their journey to the 
plate. Therefore, since the minus 12. 7 volts is 
beyond plate-current cutoff for grid 3, no elec¬ 
trons will reach the plate. Thus, the plate volt¬ 
age is plus 300 volts. The grid is connected to 
E through a 5-megohm resistor. A very 
bb 

small grid current flows through the cathode 
resistor, but the grid voltage maybe considered 
the same as the cathode voltage. Therefore, the 
difference in potential between grid 1 and the 
cathode voltage is zero. Grid 5,the suppressor 
grid, is connected to the cathode and has no 
part in the operation of the circuit other than 
performing the normal function of a suppressor 
grid. 
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The next factor to consider is the similarity 
between the phantastron and the start-stop cir¬ 
cuit. You can consider the 6SA7 phantastron 
tube as a tube within a tube. The cathode, grid 
3, and plate are equivalent to the first triode 
in the start-stop circuit. No plate current flows 
to the plate and the ’’first-tube” is cut off. The 
cathode, grid 1, and grid 2 form another triode 
which is comparable to the second tube of the 
flip-flop multivibrator. As mentioned previ¬ 
ously, this triode is conducting. Consequently, 
any voltage change, which will cause plate cur¬ 
rent to flow in the triode that is cut off, will 
start a regenerative switching action. 

You can best understand the action of the 
phantastron when it is triggered by dividing it 
into three successive phases. The first phase 
is an extremely rapid change which ends at a 
first balance point. The second phase is a slow 
linear change which ends at a second balance 
point. The third phase is the recovery of the 
circuit to the pretrigger condition. 

The trigger pulse must have the proper 
polarity and amplitude to bring grid 3 above 
cutoff. A negative pulse of 10 volts amplitude 
is shown. When this is applied to grid 1, the 
grid 1 voltage will drop to 30 volts. Cathode 
follower action will cause the cathode voltage 
to drop to 30 volts along with the grid. At this 
point, examine the relation between the cathode 
and grid 3. Their voltage difference is 27. 3 
minus 30, or minus 2.7 volts. Grid 3 is not 
negative enough to prevent electron flow to the 
plate, and plate current will flow as soon as this 
grid-to-cathode voltage drops below 12 volts. 
Regenerative action starts with this plate cur¬ 
rent flow. The plate current through R causes 

a drop of plate voltage. Grid 1 is capacitively 
coupled to the plate, so the grid becomes more 
negative. This drops the cathode voltage still 
more, which in turn further reduces the volt¬ 
age difference between grid 3 and cathode. The 
current to the plate increases, the plate volt¬ 
age drops, and the grid is driven farther in the 
negative direction. 

Note that the plate current increase is not 
an overall increase in current with a negative¬ 
going grid. The negative-going grid decreases 
the total current. But the resultant decrease 
in cathode voltage lowers the voltage between 
grid 3 and the cathode, which allows current to 
flow to the plate at the expense of the screen 
current. Grid 3 controls the division of cur¬ 
rent between the plate and screen grid. Grid 1 
controls the total current. So grid 1 decreases 


the total current, while grid 3 allows the plate 
current to increase and causes the screen cur¬ 
rent to decrease quite rapidly. The character¬ 
istic curve for the 6SA7 (fig. 5-10(B)) shows the 
relation. In plotting these curves, a d-c volt¬ 
age was applied to grid 1 of the circuit in the 
illustration and varied from minus 20 volts to 
plus 40 volts. The dotted curve shows the re¬ 
sultant screen current while the other curve 
shows the plate current. Note that plate current 
increases by a small amount while screen cur¬ 
rent decreases a large amount as grid 1 goes 
negative. The sum of the two currents is the 
cathode current. It is decreasing because the 
small current increase is more than overcome 
by the large decrease. 

The regenerative effect just explained is 
similar to the cutting off of the first multivibra¬ 
tor tube by the second tube. The cutting off 
process, however, does not go that far in the 
phantastron, because if the current to the plate 
were stopped, the plate voltage would have to 
rise, and this action would be the opposite to 
the desired feedback. The rapid increase of 
current to the plate ends at the first balance 
point. This balance occurs when the negative¬ 
going grid 1 voltage decreases the overall cur¬ 
rent so much that the plate current cannot con¬ 
tinue to increase. Grid 3 is unable to divert 
enough electrons to the plate to maintain the 
increase of plate current. This occurs when 
grid 1 has dropped to a minus 2 volts, and the 
plate has dropped 42 volts before the balance 
point is reached. Each of these voltages is 
shown in the curves, under the trigger pulse. 
The grid voltage has dropped to minus 2 volts. 
Since this is a 42-volt change, caused by the 
plate, the plate curve shows a 42-volt drop to 
258 volts. The cathode voltage drops, due to 
the decrease in screen current, until with minus 
2 volts on the grid, the current is 0. 4 ma. The 
voltage at grids 2 and 4 has gone up because 
the screen current is decreased, reducing the 
drop across the voltage divider and raising 
voltage to 84. 5 volts. 

Now consider the action resulting from the 
starting of the second phase. The grid voltage 
e rises as the 500-/x/xf capacitor starts to dis- 

charge through Rg. At this time the grid volt¬ 
age is minus 2 and the capacitor discharges 
from 300 to 260. The grid end of the grid re¬ 
sistor becomes more positive. This increases 
the plate current, starting another drop in plate 
voltage. Grid 3 is not involved directly in this 
stage as it is straight triode action between the 
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plate, grid 1, and the cathode that affects the 
circuit operation. The plate voltage drop has 
an effect opposite to that of the discharging 
capacitor and thereby is degenerative in action. 
The capacitor discharges, the grid goes posi¬ 
tive, plate current increases, plate voltage 
drops, tending to make the grid go negative. 
But the plate cannot drop enough to exceed the 
positive charge at the grid because it is the 
positive grid voltage that causes the plate volt¬ 
age drop. So the plate voltage change counter¬ 
acts only part of the effect of the capacitor dis¬ 
charge, slowing the discharge considerably. 
This negative feedback keeps the capacitor dis¬ 
charge in the most linear part of the exponential 
curve. 

The discharge continues at a linear rate, as 
shown by the plate voltage curve illustrated in 
figure 5-10 (C). The increase in current raises 
the cathode voltage to 15.5 volts, and the grid 
1 voltage is raised to plus 12 volts before the 
second balance point is reached. 

Remember that during all this time, the 
screen grids (2 and 4) have been continually 
drawing current at an increasing rate. As the 
plate voltage continues to fall, there is a mini¬ 
mum point where the screen’s current has risen 
sufficiently and the plate voltage has dropped to 
the point where the cathode potential is now high 
enough, in relation to the fixed potential on grid 
3, to prevent any further increase in plate cur¬ 
rent. This occurs at about 108 volts on the 
plate. This point is also the peak of the plate 
current characteristic (fig. 5-10 (B)). To the 
right of this peak, the plate current decreases 
and the screen current continues to increase. 
The screen grid's increasing current raises the 
cathode bias; thus the plate current stops in¬ 
creasing and levels off. This leveling off ini¬ 
tiates the rapid switchover to recover the cir¬ 
cuit to pretrigger condition. 

When the plate current levels off, the volt¬ 
age stops decreasing at the plate. With the 
counteracting effect of the plate drop removed, 
the capacitor discharge raises the grid 1 volt¬ 
age at a very rapid rate. The positive-going 
grid 1 increases the current from the cathode, 
which raises the cathode voltage. This has the 
same effect as making grid 3 more negative; so 
grid 3 reduces the current to the plate. Ac¬ 
tually, it is dividing the increasing current in 
favor of the screen grids. The screen current 
increases tremendously while the plate current 
is actually decreased. The plate voltage starts 
to go in the positive direction. This is coupled 
to the grid by the 500-M^f capacitor to make it 


go in a positive direction. The cathode voltage 
is further increased, which brings grid 3 closer 
to cutoff, reducing the plate current more and 
raising the plate voltage. This regenerative 
action continues until grid 3 is beyond cutoff, 
stopping plate current completely. During this 
regenerative action, the grid voltage has in¬ 
creased as fast as the plate voltage. But when 
the grid reaches plus 40 volts, the plate cur¬ 
rent reaches zero and the grid no longer affects 
the plate voltage. Thus, as the grid voltage 
jumps from 12 to 40, the plate voltage curve 
shows a 28-volt jump from 108 to 136 volts. 
When the grid voltage reaches a constant value, 
the plate rises only as fast as the capacitor 
can recharge along a slow exponential curve up 
to plus 300 volts. The cathode voltage rises 
immediately with the grid voltage while the 
screen grid voltage drops at recovery time be¬ 
cause of the increased screen current. 

Now consider the circuit from the viewpoint 
that it is ready for the next trigger pulse. The 
duration of the output negative pulse on the 
cathode is fixed in the circuit shown. This 
pulse width is determined essentially by the RC 
in the grid 1 circuit, the plate voltage, and the 
gain of the triodes involved. 

The duration of the pulse is generally made 
variable by applying a d-c voltage to the plate 
from a potentiometer. The circuit is as shown 
in figure 5-11. The potentiometer can select 
any voltage from 0 to plus 300 volts. A diode 
is inserted in series to disconnect the phantas- 
tron plate from the lower-resistance potentiom¬ 
eter during the operation of the circuit. Before 
the trigger pulse, the plate voltage and voltage 
at the arm of the potentiometer are the same be¬ 
cause the load resistor is so large and the cur¬ 
rent from the potentiometer so small that there 
is little voltage drop in the diode plate. When 
the circuit operates, the plate voltage drops 
immediately, the diode plate becomes less pos¬ 
itive than its cathode, and diode current stops. 
The potentiometer-diode curcuit has no further 
effect on the operation of the phantastron. 

To see how the potentiometer affects the 
pulse width, study the effect of varying the po¬ 
sition of the potentiometer contact. With the 
plate voltage at plus 300 volts, the situation is 
as previously described. But when this plate 
voltage is reduced to plus 240 volts by means of 
the potentiometer, the pulse width is decreased. 
The plate voltage drops the same 42 volts at the 
time of the trigger pulse since the grid drops 
42 volts to the first balance point. Then the 
slow linear voltage decrease occurs. The slope 
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phantastron circuit. 

of this decrease is the same regardless of plate 
voltage. This terminates at the same 108 volts 
as the 300-volt waveshape. So the amount of 
linear decrease is less, which decreases the 
time required to reach 108 volts. If the poten¬ 
tiometer is set so the plate voltage is 170 volts 
before the pulse, the plate will again drop 42 
volts, and follow the same slope to 108 volts. 
Again the amplitude of the slope is decreased 
so the slope time is decreased. 

Since the initial drop, the slope, and the fi¬ 
nal value do not change, the decrease in pulse 
length is linear with the decrease in plate volt¬ 
age. This relation holds over the range from 
the full plate voltage (300 volts in this case) to 
a minimum of 108 plus 42, or 150 volts. This 
is the minimum voltage point because the ini¬ 
tial 42-volt drop would bring it down to 108 
volts, or zero pulse width. Since the pulse 
width for the previous example used is 1, 395 
microseconds, the pulse width is variable from 
0 to 1, 395 microseconds. 

Typical Phantastron Delay Circuit 

The previous circuit is satisfactory for short 
delays, but when the delay becomes nearly as 


long as the time between pulses, the long expo¬ 
nential recovery of the plate circuit overlaps 
the next pulse. With the circuit not yet fully re¬ 
covered, the second pulse may not trigger the 
circuit. Therefore the circuit is modified for 
long delay periods as shown in figure 5-12. The 
change is primarily the addition of a triode (V- 
20) between the plate and grid of the phantastron 
tube. This triode is called a cathode follower. 
Before the trigger pulse arrives, the grid of 
the cathode follower is at the plate potential and 
is drawing current. Thus, its cathode is within 
a fraction of a volt of the grid voltage. There¬ 
fore the coupling capacitor C30 has the plate 
voltage on one side and the grid voltage on the 
other. This is similar to the circuit in fig¬ 
ure 5-10. 

When the trigger pulse drops the plate volt¬ 
age, the grid voltage of the cathode follower 
(and consequently its cathode voltage) goes 
down. The coupling capacitor C30 makes grid 
1 go in the negative direction. Thus by cathode 
follower action, the grid drops along with the 
plate. 

At the completion of delay time, plate cur¬ 
rent is again cut off and the plate tries to re¬ 
turn to its static potential. In the two phantas¬ 
tron circuits just discussed, the rate of plate 
voltage rise was limited by the RC time of the 
plate load resistor and the plate-to-grid cou¬ 
pling capacitor. However, in the circuit shown 
in figure 5-12, the phantastron plate is con¬ 
nected directly to the grid of the cathode fol¬ 
lower. Since the grid can follow the plate po¬ 
tential, there is no delay in the phantastron 
plate rise, and the coupling capacitor C30 may 
charge through the relatively low plate resis¬ 
tance of V20. 

The potentiometer R74 is incorporated to 
provide a maximum delay adjustment. This 
adjustment, normally a screwdriver adjust- 
ment, determines the RC time in the phantas¬ 
tron grid circuit. 

RANGE SWEEP GENERATING CIRCUITS 

The range sweep in a radar set is of para¬ 
mount importance for the correct presentation 
of target information. To accomplish this, a 
sawtooth voltage or current of proper ampli¬ 
tude and slope must be supplied to the indica¬ 
tor’s deflection system. This discussion will 
include a typical range sweep circuit used for 
generating a linear sawtooth of the proper am¬ 
plitude and time duration. The same circuit is 
used to generate the sweep for more than one 


85 


Digitized by LjOOQle 



TO CATHODE OF V 3 
MASTER TRIGGER OUTPUT 



Figure 5-12. -Typical phantastron delay circuit. 
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range, and yet maintain the same physical 
sweep length on the scope. Since the basic cir¬ 
cuits involved in the sweep generator are dis¬ 
cussed in chapter 12 of Aviation Fire Control 
Technician 3 and 2, NavPers 10387, only its 
actual operating condition is explained in detail 
in this chapter. 

Sweep Gate Circuit 

The sweep gate circuit consists of a one- 
shot multivibrator, V6 and V8 (fig. 5-13), a 
negative grid clamper V7, and two sweep gate 
amplifiers V26 and V27. (NOTE: V26 and V27 
are discussed later in the chapter.) It should 
be noted that V8 is cut off in static condition by 
the voltage divider network in its grid circuit 
and that V6 is conducting. The circuit is trig¬ 
gered by a negative pulse which is applied to the 
grid of V6. It should be recalled from the dis¬ 
cussion on the timer block diagram that the 
sweep gate circuit is triggered by a negative 
pulse from either the master trigger output on 
normal operation, or the variable delay circuit 
on time delay operation. 

The negative input trigger pulse drives V6 
toward cutoff, causing a rise in its plate volt¬ 


age and a drop in its cathode voltage. This 
plate voltage rise is coupled to the grid of V8, 
driving V8 into conduction. The resulting drop 
in plate voltage is coupled back to the grid of 
V6 as in any one-shot multivibrator. However, 
the negative grid clamper does not permit the 
grid of V6 to be driven below an approximate 
negative 23 volts. 

The action of V7 and the sweep shutoff cir¬ 
cuit (fig. 5-14) controls the duration of the out¬ 
put pulses from the sweep gate circuit. (NOTE: 
The output from the sweep gate determines 
range sweep time which is discussed later in 
this chapter.) 

The outputs of the sweep gate circuit are as 
follows: 

1. A negative square wave (generated by 
conduction of V8 through R29 and capacitively 
coupled to the grid of V6) from the grid of V6 
which is fed to the grid of sweep gate amplifier 
V27. 

2. A negative square wave from the cathode 
of V6 which is used to trigger the compensating 
gate circuit. 

3. A positive square wave from the cathode 
of V8 which is used as a gating voltage. The 
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relationship of the output waveforms to the 
master timing pulse is shown by waveforms (1), 
(2), and (3) of figure 5-15. 

The sweep gate amplifier V27 and sweep 
gate output V26 circuits are discussed later in 
this chapter with the intensity gate circuit. 

Sweep Clamp, Shutoff, Charging 
Clamp, and Bootstrap Amplifier 

Before considering the overall operation of 
tne circuit illustrated in figure 5-14, the func¬ 
tions it performs are discussed. The circuit 
may be divided into three stages with each stage 
performing a separate function. 

The first stage consists of the RC network 
composed of C18 to C21, R37, R38, R39, and 
the two diodes V10A and V10B. The RC net¬ 
work is used to generate a sawtooth waveform 
for use as a range sweep voltage. V10A and 
V10B function to clamp the upper plates of the 
sweep capacitors (C18 through C21) at near 
ground and provide a means of eliminating the 
clamping action during sweep time. 

The stage V9 controls the amplitude of the 
sawtooth voltage waveform. It also generates a 
pulse which cuts off the sweep gate output volt¬ 
age when the sawtooth voltage reaches the de¬ 
sired amplitude. 

It should be remembered from the previous 
chapter that at any instant the charge on a ca¬ 
pacitor depends on the RC time of the network 
and the applied voltage. For the fixed ranges 
(all ranges except 5-60 miles), range is con¬ 
trolled by switching in various size capacitors, 
and the applied voltage is held at a positive 150 
volts. In the variable range (5-60) mode of op¬ 
eration, the applied voltage is varied by the 
variable range control R606. 

Referring to figures 5-13 and 5-14 note that 
without an input signal, current (electron flow) 
will flow from ground up through R28 to the 
cathode of V10A, from cathode to plate of V10A, 
through R37 and R39 to cathode of V10B, from 
cathode to plate of V10B, and to pin 8 of relay 
K6. Pin 8 of K6 is connected to a positive 150 
I volts through pin 7 when the equipment is oper¬ 
ating on a fixed range. When operating on a 
variable range, pin 8 is connected to the vari¬ 
able range control R606 which forms a voltage 
i divider network between ground and a positive 
150 volts. 

The path from K6 through R34 to the top of 
R35 has negligible effect because of its high re¬ 
sistance. The static current maintains the plate 
of V10A at a relatively low potential which also 
determines the static voltage across capacitors 


C18 thru C21. (The relative size of R28 to R37 
plus R39 clamps the plate of V10A slightly above 
ground.) The sweep cutoff tube V9 is biased 
beyond cutoff by a positive potential applied to 
the voltage divider network in its cathode cir¬ 
cuit. The cathode potential of V9 is important 
since it determines sweep amplitude which in¬ 
directly controls sweep time. 

Now consider the operation of the circuit 
when a signal is applied. (For the following 
discussion refer to waveforms illustrated in 
figure 5-15.) A positive square wave taken 
from the cathode of V8 is applied to the cathode 
of V10A. It should be remembered that this 
square wave is generated by the sweep gate 
multivibrator. With the cathode of V10A now 
more positive than its plate, V10A is effectively 
removed from the circuit. The sweep charging 
capacitors (C18 thru C21)may now charge at an 
RC rate as determined by the RC network being 
used. As the sweep capacitors charge toward 
150 volts (assume fixed range operation), the 
grid of V9 will also rise at the same rate. When 
the grid voltage rises sufficiently to overcome 
its cathode bias, V9 will conduct, producing a 
negative-going pulse of sufficient amplitude to 
cut off V8. Since the conduction of V8 provided 
the voltage source which cut off the clamping 
circuit (V10A), the circuit will now return to its 
static condition. 

The time required for V9 to conduct was de¬ 
termined by its static cathode potential and the 
RC network being used to generate the sawtooth 
voltage waveform (assuming a constant sweep 
amplitude). Therefore sweep time is controlled 
by varying the values of resistance and capaci¬ 
tance in the charging circuit on all fixed ranges. 

The relationship of the MTP to the wave¬ 
forms of the range sweep generating circuits is 
shown in figure 5-15. Waveform (3) is the posi¬ 
tive square wave which disables the clamper 
V10A. It should be noted that waveform (4) is 
a sawtooth superimposed on a low amplitude 
square wave. The square wave portion, called 
a jump voltage, is developed across R38 when 
V10A is cut off. Waveform(5) should be studied 
noting that when the sawtooth voltage reaches 
cutoff, waveforms (2), (3), and (4) are also ter¬ 
minated . 

The output of the sweep charging circuit, a 
positive sawtooth on a pedestal, taken from the 
plate of V10A is directly coupled to the grid of 
the sweep amplifier V12. (NOTE: The opera¬ 
tion of Vll has been omitted purposely at this 
time; however, it is discussed later in this 
chapter.) This output waveform is shown as 
waveform (1) of figure 5-16. 
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Figure 5-15. - Waveforms of the sweep generating circuits. 


Sweep adjustments are provided to allow the 
technician a means of compensating for any 
slight variations in circuit parts. R36, located 
in the cathode V9, is a screwdriver adjustment 
for setting the sweep amplitude. R39 is a sim¬ 
ilar adjustment, but it permits a fine adjust¬ 
ment of the sweep slope or sweep time. 

SWEEP AMPLIFIER CIRCUITS 

You should now be familiar with how the 
sawtooth sweep is generated and how it is used 
as a time base for the measurement of range. 
However, this sawtooth must be amplified be¬ 
fore it is applied to the deflection system of the 
indicator. The sweep amplifier circuits also 
provide a means of feedback to improve the 
linearity of the sweep voltage. The feedback 
voltage is taken from the sweep driver stage 
and fed to the bootstrap amplifier VI1. 

The basic circuits utilized in the sweep am¬ 
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plifier circuits have been discussed in detail in 
Basic Electronics, NavPers 10087-B. There¬ 
fore, only the operation of the sweep amplifier 
and its waveforms are discussed. Figure 5-16 
is an illustration of the waveforms throughout 
the sweep amplifying chain. Reference to wave¬ 
forms illustrated are by number as shown. 
Figure 5-17 is the schematic of the sweep am¬ 
plifying circuits and should be referred to for 
the following analysis. 

As stated previously, the positive sawtooth 
on a pedestal is coupled directly from the plate 
of the sweep clamper VlOA to the grid of the 
first sweep amplifier V12 (waveform (1), fig. 
5-16). Note that the cathode of V12 is returnee 
to ground through the sweep driver’s cathode 
resistor. This provides degenerative feedbacl 
which improves the linearity of the amplifying 
circuits. This should not be confused with the 
feedback loop through the bootstrap amplifiei 
to the sweep generator. Feedback within the 
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Figure 5-16. -Waveforms of the sweep ampli¬ 
fying chain. AQ. 20 


sweep amplifiers aids in eliminating distortion 
that may be generated within the sweep ampli- 
fire circuits. The feedback voltage is illus¬ 
trated by waveform (3). The relative ampli¬ 
tudes of the two signals applied to V12 should 
be noted. Thus, the output of V12, because of 
the feedback voltage, has been greatly reduced. 

A linear negative sawtooth on a pedestal is 
coupled to the grid of the second sweep ampli¬ 
fier VI3. The oscillation suppression circuit, 
consisting of C25 and R48 in the grid circuit of 
VI3, acts as a low impedance path for high fre¬ 
quency oscillations. (NOTE: A sudden change 
in input voltage such as the trailing edge of 
waveform (1) may shock-excite an amplifier 
into oscillating.) The second sweep amplifier 
also amplifies and inverts the signal as shown 
by waveform (4). Its output, a positive saw¬ 
tooth on a pedestal, is fed to the grid of the 
cathode follower V15. 

The cathode follower is used to match the 
high impedance output of the second sweep am¬ 
plifier to the low input impedance of the sweep 
driver. In static condition, V15 is biased neg¬ 
ative by the voltage divider network in its grid 
circuit. However, with the plate of V15 con¬ 
nected to a positive 150 volts and its cathode 
connected through R53 to a negative 300 volts, 
it will conduct and bias V16 at approximately 
minus 40 volts. The diode V14A is used as a 
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clamper to return the grid to its static potential 
following each sawtooth input. 

The sweep driver receives the positive trap¬ 
ezoidal voltage (sawtooth on a pedestal) from 
the sweep cathode follower. As the slope of the 
waveform is reduced (longer ranges), the ped¬ 
estal amplitude is also reduced. 

The output transformer T2 is the plate load 
for the sweep driver. As shown in waveform 
(6), a linear positive sawtooth of current ap¬ 
pears in its primary with each input. It is com¬ 
bined with a signal from the compensating gate 
driver which is discussed later in this chapter. 
Resistors R61 and R62 are in parallel with the 
primary of T2 and are used to dampen oscil¬ 
lations of the transformer. Degenerative feed¬ 
back resulting from the unbypassed cathode re¬ 
sistor R56 also aids in reducing oscillations as 
well as providing a source of signal which is fed 
back to earlier stages. A sweep reference le¬ 
vel signal is also fed from this point to the 
sweep compensating gate circuit. 

Bootstrap Amplifier 

Now that you have a general idea of the op¬ 
eration of the sweep circuits, the action of the 
bootstrap amplifier is explained. For the fol¬ 
lowing discussion refer to figure 5-14. 

The input to the bootstrap amplifier (applied 
to the cathode) is a linear positive sawtooth 
voltage from the cathode of the sweep driver. 
The amplitude of the input signal is proportional 
to the output current of the sweep driver. The 
output of the bootstrap amplifier is also a posi¬ 
tive sawtooth voltage which is slightly greater 
in amplitude than its input signal. This output 
is coupled to the sweep generating circuit 
through C23. 

In explaining the operation of the sweep gen¬ 
erating circuit, it was stated that the charge 
path of the sweep capacitors was through V10B 
and relay K6 to the voltage source. This state¬ 
ment is not true when considering the operation 
of the bootstrap amplifier. Since coupling ca¬ 
pacitor C23 plays an important part in the op¬ 
eration of the circuit, consider in detail its 
static condition. The left plate of C23 is con¬ 
nected to the cathode of V10B and will be at plus 
150 volts on all but the 5-60 mile range. The 
right plate is connected to the plate of VI1 which 
is at approximately plus 80 volts during static 
condition. The capacity of C23 is much greater 
than that of the capacitors used by the sweep 
generating circuit on any range. Therefore, 
should the charge on C23 be used as a source of 


voltage during the time the sweep is being gen¬ 
erated, the sweep charging current would have 
negligible effect on the voltage across C23. 

(NOTE: The use of a charged capacitor as 
a source of voltage for short periods of time 
has been employed in numerous cases in radar 
equipment.) Let us now consider the operation 
of the sweep generating and bootstrap amplifier 
circuits. When the pulse from the sweep gate 
multivibrator cuts off V10A, the sweep capaci¬ 
tors will begin to charge as stated in the previ¬ 
ous expanation. However, as the sawtooth is 
being generated, it is also being fed back to the 
bootstrap amplifier. This causes the voltage 
of the right side of C23 to rise. This rise in 
voltage is coupled to the sweep generating cir¬ 
cuit by C23 which causes V10B to be cut off. 
From this point on to the end of sweep time, the 
charge on C23 and sawtooth on the plate of VI1 
will be the source of charging potential for the 
sweep generating circuit. 

The sawtooth on the plate of VI1 is of the 
same amplitude as that appearing on the plate 
of V10A. This increase results in a constant 
effective charging potential during sweep time 
for maximum linearity. Figure 5-18 illustrates 
graphically the voltage relationship during 
sweep time. 

At the termination of sweep time, V10A and 
V10B conduct, resettling or clamping the po¬ 
tential of the capacitors in the circuit. 

COMPENSATING GATE 
GENERATING CIRCUITS 

As stated previously, the purpose of thf 
compensating gate circuit is to generate ? 
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Figure 5-18. -Effect of feedback on sweep 
charging capacitor voltage. 
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gating voltage that will cause the indicator’s 
electron beam to be reset at the end of each 
range sweep, thus insuring that each trace on 
the indicator will start at the same point. The 
compensating gate circuit consists of a trigger 
generator, a multivibrator, a gate clamp, an 
amplifier, and a driver. It also utilizes two 
other diode clamp circuits to aid in maintain¬ 
ing proper reference potentials. 

Compensating Gate Trigger 

The compensating gate trigger V28 (figure 
5-19) is a single-swing blocking oscillator. It 
is biased beyond cutoff by the voltage divider 
network consisting of R97 and R98 in its grid 
circuit. It receives as its input a square wave 
from the sweep gate circuit. (NOTE: The re¬ 
lationship of this square wave to sweep time is 
important and is illustrated by waveforms (1) 
and (2) of figure 5-20.) However, the square 
wave is differentiated by C45, R97, and R98. 
The waveform as it appears at the grid of V28 
is shown by waveform (3). The negative spike 


does not affect the operation of the circuit since 
the stage is cut off when it arrives. However, 
the positive spike drives the grid above cutoff 
which starts the oscillator to operating. 

Once the grid is driven above cutoff, the 
oscillator operates as any single-swing blocking 
oscillator. The circuit has two outputs-(1) a 
negative spike taken from the remaining trans¬ 
former secondary winding which is fed to the 
range marker circuit, and (2) a negative spike 
developed by the surge of plate current through 
the plate load resistor. The latter output is 
used to synchronize the compensating gate mul¬ 
tivibrator V29 and V30. 

Compensating Gate Multivibrator 

This multivibrator is used to generate a 
positive square wave for gating the compensat¬ 
ing gate clamp circuit. When the trigger pulse 
from the trigger generator arrives, V30 is con¬ 
ducting and V29 is cut off. The negative trigger 
pulse is coupled from the plate of V29 through 
one of the grid capacitors to the grid of V30. 
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Figure 5-20. -Compensating gate waveforms. 


The pulse cuts off V30and its rise in plate volt¬ 
age is coupled back to the grid of V29, driving 
it to saturation. The time V30 remains cut off 
depends on the values of resistance and capaci¬ 
tance in the grid circuit. Relays K9, K10, and 
Kll are used to control the RC time in the grid 
circuit of V30 which, in turn, are controlled by 
the PRF selection circuit. Thus, the frequency 
of the multivibrator output is controlled by the 
sweep gate circuit and the pulse width varies 
with the PRF of the equipment. 

The output of the multivibrator, a positive 
square wave-the leading edge of which coin¬ 
cides with the end of sweep time-is shown by 
waveform (5) in figure 5-20. Like the output of 
the sweep gate multivibrator, this square wave 
is used as a gating pulse by the compensating 
gate clamp circuit. 
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Compensating Gate Clamp 

Before discussing how the compensating 
gate clamp circuit utilizes the gating pulse, 
first consider its static state. Referring to 
figure 5-19, note that Rill and R110 form a 
voltage divider between minus 300 volts and the 
cathode of V16 which is approximately positive 
6 volts in static condition. The plate of V31A 
is held slightly positive (approximately 1 volt) 
with a small current flowing through R102 and 
V31A. 

When the equipment is operating, a sawtooth 
voltage of approximately 20 volts in amplitude 
is developed across the sweep driver cathode 
resistor. This 20-volt increase will increase 
the charge on C54 and the current through 
V31A. The voltage to which C54 will charge 
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will be proportional to the amplitude and dura¬ 
tion of the sweep sawtooth. 

As the sawtooth is terminated, the compen¬ 
sating gate multivibrator produces a positive 
square wave (discussed previously) which cuts 
off V31A. This effectively connects the capaci¬ 
tor C54 to the grid of the first compensating 
gate amplifier. Thus, the voltage across C54 
which is proportional to sweep amplitude is 
used to generate the compensating gate voltage. 

A summary of the action of the circuit is as 
follows: 

1. C54 is charged to a voltage that is pro¬ 
portional to the amplitude of the sweep saw¬ 
tooth. 

2. At the end of sweep time the compensat¬ 
ing gate circuit is triggered and a square wave 
gating pulse is generated. 

3. This square wave is used to disconnect 
V31A from the circuit. 

4. The voltage across C54 is now applied 
to the grid of the first amplifier. 

5. At the end of the gating pulse, V31A 
conducts and the circuit is ready for its next 
sweep. 

Study the waveforms in figure 5-20 care¬ 
fully and insure that the time relationship of 
each waveform is understood. 


Compensating Gate Amplifier 

The compensating gate amplifier consists 
of two voltage amplifiers and a cathode fol¬ 
lower. (See fig. 5-21.) Their function is to 
amplify the compensating gate pulse to the 
proper level to drive the compensating gate 
driver. The amplifier is similar to the sweep 
amplifier discussed in the previous section and 
therefore is discussed only briefly. 

The positive gate on the grid of V32 is am¬ 
plified and inverted, and fed to the grid of V33. 
The gate is again amplified and inverted and 
appears as a positive gate on the grid of the 
cathode follower V34. The diode V31B is em¬ 
ployed as a clamper to insure that each gate 
starts from the same static potential. The grid 
of the cathode follower is connected to a nega¬ 
tive 85 volts, permitting an input signal of con¬ 
siderable amplitude without distortion. It 
should be noted that inverse feedback from the 
cathode of the driver to the cathode of the first 
amplifier is used to improve the shape of the 
compensating gate output. 

Compensating Gate Driver 

The driver V35 (fig. 5-21) is identical to the 
sweep driver V16 (fig. 5-17). Its output is a 



Digitized by LjOOQle 








AVIATION FIRE CONTROL TECHNICIAN 1 & C 


ZERO 

AXIS a -^- |— c -1- 

BASELINE -1 -1 

AQ.26 

Figure 5-22. -Range sweep sawtooth and com¬ 
pensating gate voltage waveform. 


square wave of the same area as the sweep 
waveform. Although the compensating gate is 
of the same polarity as the sweep voltage, it is 
inverted since it appears at the opposite end of 
the primary winding of T2. Thus, the compen¬ 
sating gate is combined with the range sweep 
sawtooth voltage as shown in figure 5-22. 


INTENSITY GATE CIRCUIT 

The purpose of the intensity gate circuit is 
to provide a means of unblanking and blanking 
the indicator at the proper time. However, be¬ 
fore discussing the intensity gate circuits, con¬ 
sider the circuits that provide it with a trigger 
or gating pulse. When the equipment is using 
ALT. DEL. or T.D., the intensity gate circuit 
is triggered by the output of the sweep gate 
multivibrator. However, this pulse is not us¬ 
able without prior amplification. This is ac¬ 
complished by the sweep gate amplifier and the 
sweep gate cathode follower. 

Sweep Gate Amplifier and 
Cathode Follower 

The sweep gate amplifier V27 is conducting 
during static condition. (See fig. 5-13.) A neg¬ 
ative square wave is applied to its control grid 
during sweep time, cutting it off. This pro¬ 
duces a positive-going square wave which is 
direct-coupled to the grid of the sweep gate 
cathode follower V26. Its output, taken from 
the cathode, is fed to pin 4 of relay K15B. 
Thus, when the equipment is in ALT. DEL. or 
T.D. operation, the intensity gating circuit is 
controlled by a positive square wave of the same 
time relationship as the range sweep sawtooth. 

Intensity Gate Output 

The intensity gate output V25 (fig. 5-23) is 
a cathode follower whose input comes from 
either the sweep gate output (just discussed) or 
the range marker gate circuit, depending on the 


type of operation employed. In either case the 
operation of the intensity gate stage is identical. 
Its input is a positive-going square wave, be¬ 
ginning and ending with sweep time, which 
causes V25 to conduct heavily. The increased 
current flow develops a positive square wave at 
the output, which is coupled to the intensity gate 
clamp circuit. 

Intensity Gate Clamp 

The intensity gate clamp V18B is a negative 
clamper. It clamps the positive portion of the 
square wave from V25 at the zero reference 
voltage. This effectively provides a negative 
square wave for blanking the indicator’s sweep 
when there is no sweep voltage fed to the indi¬ 
cator (flyback). Waveform (3) illustrates the 
waveform fed to the indicator. 

RANGE MARKER GATE CIRCUIT 

The function of the range marker gate cir¬ 
cuit is to furnish the gates to operate the range 
marker circuit and, in normal operation, fur¬ 
nish the intensity gate circuit with a gate for 
unblanking the indicator. These gates operate 
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Figure 5-23. -Intensity gate circuit and 
waveforms. 
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in synchronism with the modulator trigger 
pulse, so that the range markers are started 
and the indicator is unblanked in coincidence 
with the firing of the transmitter. 

Referring to figure 5-24, the range marker 
gate is a free-running multivibrator (about 20 
Hz until triggered) which utilizes a cathode fol¬ 
lower between the plate and grid in each of the 
feedback circuits. Actually its period during 
free running is so long, as compared to the in¬ 
coming pulse, that for the instant of triggering, 
the multivibrator has all the characteristics of 
a bistable multivibrator. To simplify the ex¬ 
planation of the circuit's operation, consider 
that V23A is conducting and that V23B is cutoff. 
A negative trigger from the modulator trigger 
circuit is applied to the grid of V23A which syn¬ 
chronizes the start of the range marker gate 
circuit with the transmitter. This negative 
pulse cuts off V23A and causes a positive pulse 
to be applied to the grid of V24 which also ap¬ 
pears on its cathode. The positive pulse on the 
cathode of V24 is capacitively coupled to the 
grid of V23B which drives it into conduction. 

The positive pulse is also fed to the inten¬ 
sity gate circuit which is used for unblanking 
the indicator on normal operation. It should be 


remembered that both the intensity gate circuit 
and the range marker generator should be cut 
off except during sweep time. 

The positive pulse applied to the grid of 
V23B causes a drop in its plate voltage which is 
direct-coupled to the grid of V22. V22's cath¬ 
ode voltage is also reduced a proportional a- 
mount which is coupled back to the grid of V23A, 
keeping it cut off. A second output, a negative 
pulse, is taken from the cathode of V22 and fed 
to the range marker generator. 

Since it is desired to operate the range mar¬ 
ker circuit only for the duration of the sweep, 
a stop trigger is provided to return the range 
marker gating circuit to its normal condition. 
The stop trigger, a negative pulse, is applied 
to the grid of V23B, cutting it off. As in any 
basic multivibrator of this type, the rise in 
plate voltage of V23B is coupled back to start 
V23A conducting. 

The waveforms and their relationship to the 
master timing pulse are shown in figure 5-25. 

RANGE MARKER GENERATING CIRCUIT 

The purpose of the range marker circuit is 
to produce electronic signals that appear on the 
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indicator to provide the operator with an in¬ 
dication of distance. They cause bright spots 
or lines to appear at regular intervals on the 
indicator. 

The range marker generating circuit shown 
in figure 5-26 consists of the following stages: 

1. Switch tube. 

2. Range marker oscillator. 

3. Squaring and peaking amplifiers. 

4. Range marker generator. 


this type oscillator, refer to chapter 8 of Basic 
Electronics, NavPers 10087-B.) It should be 
noted that the oscillator utilizes a separate tank 
circuit for each output frequency. When the 
switch tube V38 (fig. 5-26) is cut off, its shunt¬ 
ing effect is removed and the oscillator is free 
to oscillate. These oscillations are taken from 
the grid of V39 and are applied to the grid of 
V40A, the squaring amplifier. This output is 
illustrated by waveform (3) of figure 5-27. 


Switch Tube 


Squaring and Peaking Amplifier 


The switch tube functions to control the op¬ 
eration of the range marker oscillator. It pre¬ 
vents the range marker oscillator from oscil¬ 
lating while in a static condition by acting as a 
shunt across the tank circuit. A negative 
square wave from the cathode of the range mar¬ 
ker gate cathode follower (waveform (2), fig. 5- 
27) is coupled to the control grid of the switch 
tube V38. This drives the switch tube below 
cutoff, eliminating its shunting effect and al¬ 
lowing the range marker oscillator to oscillate. 

Range Marker Oscillator 


The range marker oscillator is a modified 
Hartley oscillator. (For a complete analysis of 
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Figure 5-27. -Waveforms of range marker 
generating circuit. 


The squaring amplifier V40A (fig. 5-26) is 
conducting in static condition. However, it is 
biased to a point that the negative swing of the 
sine-wave input causes the grid to go beyond 
cutoff. Its plate voltage rises toB-plus and re¬ 
mains there as long as the negative grid voltage 
exceeds the cutoff voltage for the stage. (See 
waveform (5).) The inductive kick of L6 pro¬ 
duces an additional voltage spike that causes the 
output voltage to exceed B-plus. Waveforms 
(5) and (6) illustrate the spike which appears at 
the leading edge of each output pulse. The out¬ 
put of the squaring amplifier is fed to the grid 
of the peaking amplifier V40B. Its output 
(waveform (7)) is coupled from the tertiary 
winding to the secondary winding of the blocking 
oscillator transformer T6, whence it is applied 
to the grid of the range marker generator tube 
V41. 

Range Marker Generator 

The range marker generator V41 (fig. 5-26) 
is a typical single-swing blocking oscillator. 
(NOTE: Blocking oscillators are discussed in 
detail in chapter 8 of Basic Electronics, Nav¬ 
Pers 10087-B.) In a static condition, it is held 
inoperative by the voltage divider network (R- 
155 and R157) in its grid circuit. Each positive 
pip from the peaker circuit is applied to V41, 
producing a series of short pips for each train 
of oscillations produced by the Hartley oscilla¬ 
tor. Since the amplitude of the blocking oscil¬ 
lator output is independent of the amplitude of 
its synchronizing trigger pulses, each marker 
pip is of the same amplitude, producing range 
markers of equal intensity on the indicator. 
Waveforms (9) and (10) illustrate the input and 
output of the range marker generator. 

Potentiometer R158 in the cathode circuit of 
V41 allows adjustment of the intensity of the 
range markers which are applied as positive 
pips to the grid of the marker mixer circuit. 
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AZIMUTH MARKER CIRCUIT 

The azimuth marker circuit provides an 
electronic marker which is used to brighten the 
trace on the indicator as the antenna crosses a 
preselected angle. The azimuth marker may 
be used to assist in measuring the bearing of a 
target, or as a lubber line in radar bombing 
operation. 

The azimuth marker circuit is somewhat 
different from the range marker circuit or from 
any other circuit discussed previously. To 
facilitate understanding the operation of the 
azimuth marker circuit, divide it as follows: 
(1) azimuth marker detector circuits and (2) 
azimuth marker amplifier and oscillator cir¬ 
cuits. 

Azimuth Marker Detector Circuit 

This circuit consists of a synchro exciter, 
a marker synchro, and a marker differential 
synchro. The synchro exciter V47, a Hartley 
oscillator, produces a 4,000-hertz sine-wave 
output. As shown in figure 5-28, its output is 
fed directly to the rotor of the azimuth marker 
synchro located on the antenna. 

Consider the voltage induced in the second¬ 
aries of the marker synchro. With the marker 
synchro rotor as shown, antenna pointing 
straight ahead, a maximum voltage would be in¬ 
duced in winding A; windings B and C would 
have an induced voltage of approximately one- 
half that of A. Note that the voltage in windings 
B and C is equal and that no voltage difference 
exists between points B and C. As the rotor is 
turned in a clockwise direction, the voltage in 
winding B will increase and the voltage in wind¬ 
ing C will decrease. Thus, a voltage difference 
will now exist between points B and C. If the 
rotor is turned in the opposite direction, the 
voltage across B will decrease and the voltage 
across C will increase. Thus, it should be ap¬ 
parent that there will be a zero output only when 
the antenna is pointing directly ahead. (NOTE: 
The antenna is limited to 75° rotation each 
side of center.) 

The stator windings of the differential syn¬ 
chro are connected in parallel with the stator 
windings of the marker synchro. Therefore, the 
voltage across the respective windings will be 
equal. With its rotor set at zero, the voltage 
across each of the differential synchro rotor 
windings will also be approximately equal to that 
across the respective stator windings. Thus, if 
the antenna is positioned as shown and the syn¬ 
chro differential is set at zero as shown, the 


voltage between pins 1 and 2 of T7 will also be 
zero. 

If the differential synchro rotor is displaced 
from zero in either direction, a voltage will 
appear across T7 and the phase of the voltage 
will be indicative of the direction of rotation. 
Thus, the zero output or null can be positioned 
in either direction from dead ahead by simply 
rotating the differential synchro rotor. In some 
systems this control may be positioned manu¬ 
ally, or it may be positioned electrically in the 
center of the sector being scanned by the an¬ 
tenna. 

The signal developed across the secondary 
of T7 is fed to the azimuth marker amplifier. 
This is discussed in the following section. 
(NOTE: The phase relationship of the input to 
T7 is unimportant, as the objective of the cir¬ 
cuit is to produce a zero output at the desired 
antenna position.) 

Azimuth Marker 
Amplifier and Oscillator 

The azimuth marker amplifier V50A receives 
the 4000-hertz modulated signal from T7 (wave¬ 
form (1) of fig. 5-29). This input is amplified 

4000 HERTZ A-C 
SIGNAL FROM SYNCHRO 
M00ULATED BY 
ANTENNA ROTATION 
TAKEN FROM T 7 


OUTPUT OF AZIMUTH 
AMPLIFIER V 50 


CURRENT WAVEFORM 
OF AZIMUTH 
RECTIFIER V 49 _ B 

VOLTAGE WAVEFORM 
OF AZIMUTH 
RECTIFIER V 49 . B 


SINEWAVE OUTPUT 
FROM AZIMUTH 
OSCILLATOR V 5) 

AQ.33 

Figure 5-29. -Azimuth marker circuit 
waveforms. 
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RANGE AZIMUTH MARKER 

MARKER AMP MARKER AMP OUTPUT 



Figure 5-30. -Marker mixer circuit. 


and coupled to the second azimuth marker am¬ 
plifier V50B. This signal is of sufficient am¬ 
plitude to cause both saturation and cutoff lim¬ 
iting, thus producing a series of square waves. 

The squared output signal is applied to the 
grid of V49B which functions as a plate detec¬ 
tor. The output of this detector consists of a 
current waveform of the same general shape as 
the envelope of the input signal (waveform (3)). 
Since the grid bias is variable on V49B, it is 
evident that variations of the level at which de¬ 
tection occurs will cause variations in the width 
of the output pulses produced. 

The positive swinging output pulses from the 
detector are direct-coupled to the grid of the 
azimuth marker oscillator tube V51. The mar¬ 
ker oscillator (a modified Hartley) rests in a 
nonoscillating state. This is accomplished by 
maintaining the bias at a value below the oscil¬ 
lating point. When the marker pulses (wave¬ 
form (4)) appear on the grid of the oscillator, 
it drives the grid sufficiently positive to permit 
the stage to oscillate. These oscillations 
(waveform (5)) are taken from the cathode in 
the form of a comparatively high frequency sine 
wave, continuing for the duration of the marker 
pulse. This sine wave is applied to the marker 
mixer circuit. 

MARKER MIXER CIRCUIT 

The purpose of the marker mixer circuit is 
to allow the various types of markers to be 
mixed and coupled to the indicator for intensity 
modulation of the scope. It provides an easy 
means of mixing several input signals with a 
minimum of interference between the associated 
circuits and auxiliary fire control equipments. 

The marker mixer circuit illustrated in 
figure 5-30 is composed of three triodes, con¬ 
nected as cathode followers, and the marker 
output stage which is also a triode and used as 


a marker output cathode follower. 

The inputs to the marker mixer circuit 
shown in figure 5-30 are range markers and 
azimuth markers. An additional cathode fol¬ 
lower is shown which could be used by an aux¬ 
iliary equipment such as IFF. 

The combined markers are developed 
across R161 and fed to the marker output stage. 
The purpose of the output stage is to provide 
power amplification and match its output imped¬ 
ance to the indicator's input impedance. 

MAINTENANCE 

The first and foremost item to be considered 
when performing maintenance on radar synchro¬ 
nizers is the safety of personnel. Operation of 
radar equipment involves the use of lethal high 
voltages; therefore, maintenance personnel 
must observe all safety regulations at all times. 
Do not change tubes or make adjustments inside 
the equipment with the high-voltage supply on. 
Do not rely upon door switches or interlocks 
for protection. Even with the power controls in 
the OFF position, dangerous potentials may 
exist in the circuits because of the charges re¬ 
tained by the capacitors. To avoid casualties, 
always discharge and ground circuits prior to 
touching them. 

PREVENTIVE 

The preventive maintenance of radar syn¬ 
chronizers is largely a matter of alinement and 
performance checks. Sometimes a check of the 
equipment alinement in the trouble area will 
give valuable clues to aid in the location of a 
malfunction in the system. However, in those 
instances where replacement of parts leads to 
misalinement of a circuit (a condition normally 
determined by the performance check following 
correction of any trouble), reference should be 
made to the appropriate part of the alinement 
procedures contained in the Service Instruction 
Manual on your particular system. This man¬ 
ual includes all test equipment required, both 
general and special, as well as the correct pro¬ 
cedure and desired results of each check. It 
also lists probable causes of unfavorable checks 
in the form of trouble isolation charts or tables. 

CORRECTIVE 

The defects disclosed during the perform¬ 
ance, preflight, postflight, or periodic checks 
of a synchronizer should be corrected by means 


102 


Digitized by 


Google 



Chapter 5-RADAR SYNCHRONIZERS 


of the systems trouble analysis, which is a sys¬ 
tematic troubleshooting procedure found in the 
Service Instruction Manual for the equipment. 
They are logical and thorough, and are easy to 
follow. In the troubleshooting procedures, lo¬ 
calization of the trouble to a function of the 
equipment is accomplished first, and is fol¬ 
lowed by isolation of the trouble to a function 
within a subcomponent. The purpose of this 
system is to quickly determine the subcompo¬ 
nent in which trouble exists, and to point out 
some of the most likely causes for the trouble, 


particularly parts designed for easy replace¬ 
ment. 

After the trouble has been isolated, main¬ 
tenance personnel can determine what action, 
dependent on the time element, should be taken 
to correct the trouble. To prevent delays in 
flights, those subcomponents which are defec¬ 
tive and which are easily replaceable should be 
exchanged for components known to be in good 
operating condition. The defective unit can 
then be taken to the shop where proper trouble¬ 
shooting procedures can be followed. 
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WAVEGUIDES 

A waveguide is a type of transmission line 
designed for use in the superhigh frequency 
(SHF) range. It is used to transmit RF energy 
from the RF oscillator (magnetron) to the an¬ 
tenna for propagation. The waveguide, a hollow 
metal tube, is equivalent to a two-wire trans¬ 
mission line supported by an infinite number of 
quarter-wave shorted stubs. This analogy is 
illustrated in figure 6-1. 



AQ. 35 

Figure 6-1. -Shorted quarter-wave stubs in 
the development of a rectangular waveguide. 


Waveguides may be rectangular, round, or 
oval in shape. This discussion is limited to 
rectangular waveguides as they are the type 
most frequently found in aviation fire control 
radar sets. However, a great deal of the infor¬ 


mation can be used in the analysis of the other 
types of waveguides. 

Hollow waveguides have no radiation losses 
and their dielectric losses are too small to be 
considered. Their copper losses are much 
smaller than that of coaxial lines. Therefore, 
they are the best type transmission line for use 
in the SHF range. 

FREQUENCY CAPABILITIES 

The capability of a waveguide to transmit 
different frequencies is determined by its phys¬ 
ical dimensions. Referring to figure 6-1 (C), 
side A must have a minimum dimension of one- 
half wavelength with respect to the applied 
frequency. If dimension A is less than one- 
half wavelength (frequency is low), the sup¬ 
porting stubs (walls of the waveguide) will be 
less than one-quarter wavelength shorted stubs. 
A shorted stub less than one-quarter wave¬ 
length appears as an inductance to the source. 
Therefore, when side A is less than one-half 
wave with respect to the applied signal, the 
transmission line (the imaginary centerline 
running longitudinally along dimension A, of 
figure 6-1 (E))will no longer appear as a resis¬ 
tive impedance to the signal, but as an inductive 
reactance. A portion of the signal will be 
shunted due to the inductive reactance. This 
characteristic, along with others that are be¬ 
yond the scope of this discussion, will deter¬ 
mine the minimum frequency (cutoff frequency) 
of the waveguide. The wavelength X cq corre¬ 
sponding to the cutoff frequency is equal to twice 
the inside width (side A) of the guide; that is, 

* = 2A. 

co 

However, side A may be greater than one- 
half wavelength with respect to the frequency of 
the applied signal. If dimension A becomes 
greater than one-half wavelength (the frequency 
is increased), the longitudinal centerline of 
the A dimension will increase in width and take 
on the appearance of a bus bar, as shown by 
dimension C of figure 6-1 (E). Dimension D 
will now be the physical dimension of a quarter 
wave with respect to the new frequency. 

As the frequency of the applied signal is 
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increased, the width of dimension C will in¬ 
crease (the quarter-wave stubs)-dimension D 
will decrease in physical length. Therefore, 
the waveguide could theoretically pass an infi¬ 
nite number of higher frequencies as the 
quarter-wave stubs approached zero length and 
the bus bar C occupied the entire dimension A. 
In practice, however, this increase is limited 
by other factors, and the dimension A of a 
waveguide is normally constructed to equal 

about 0. 7 x . 

co 

PHYSICAL LIMITATIONS 

As previously discussed, the dimension of 
side A will be determined by the frequency to be 
applied to the waveguide. Waveguides are sel¬ 
dom used at frequencies below 3, 000 MHz (10 

centimeters) due to the physical size require¬ 
ments of the waveguide. A typical section of 
waveguide constructed to transmit a 10-centi¬ 
meter signal has an outside A dimension of 3 
inches. To transmit a 1-meter (300 MHz) sig¬ 
nal the waveguide would be approximately 30 
inches in width. Therefore, waveguides de¬ 
signed for any frequencies lower than 3,000 
MHz would be too large for practical applica¬ 
tions in airborne equipments. 

The physical dimension of side B is depend¬ 
ent upon the power the waveguide is required to 
handle. The power a waveguide can handle is 
o 

equal to E /Z q with E being the voltage applied 

and Z the characteristic impedance of the 
o 

guide. The characteristic impedance varies 
directly with the width of side A for a given di¬ 
mension of side B. However, side B will have 
to be great enough to prevent arcing within the 
waveguide. Side B is not critical with regard 
to the frequencies applied and in actual applica¬ 
tions the dimension is made about one-half the 
longer dimension A. 

FIELDS IN A WAVEGUIDE 

An understanding of the fields present in a 
waveguide is necessary in order for the guides 
to be used effectively. Energy in a waveguide 
is transferred by the electromagnetic fields, 
while currents and voltages merely aid in form¬ 
ing these fields. It is important to know when 
a good current path is required and where the 
voltage will be high. Also it is important to 
know where the fields will exist since it is by 


means of these fields that energy is normally 
introduced into or removed from the guides. 
The operation of a waveguide involves two 
kinds of fields-the electrostatic and the elec¬ 
tromagnetic. 

Electrostatic Field 

The existence of an electrostatic field indi¬ 
cates there is a difference in the number of 
electrons between two points. The simplest 
form of electrostatic field is the one which oc¬ 
curs between the two parallel plates of a ca¬ 
pacitor. (See fig. 6-2 (A).) When the top plate 
of the capacitor is made positive by a battery, 
electrons move from the top plate and deposit 
themselves on the bottom plate. This sets up 
a stress in the dielectric between the plates. 
This stress is represented by arrows pointing 
from the more positive voltage point to the less 
positive, or negative voltage point. The amount 
of stress is indicated by either the length or the 
number of arrows. A long arrow represents 
more stress than a short arrow. In represent¬ 
ing electrostatic fields, the number of arrows 
indicates the strength of the field (fig. 6-2). 
In the case of the capacitor, note that the ar¬ 
rows are evenly spaced across the area be¬ 
tween the two plates. As the voltage across 
the plates is the same at all points, the elec¬ 
trostatic lines between the plates are evenly 
distributed. This set of lines forms an elec- 
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Figure 6-2. -Electric field between capacitor 
plates and a full-wave section of two-wire line. 
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trostatic field. This field is usually called the 
electric field and is abbreviated the E-field. 
The lines of stress are called the E-lines. 

Notice in (B) of figure 6-2 that the two-wire 
transmission line has an instantaneous stand¬ 
ing wave of voltage applied to it. This line is 
equal to one wavelength. At the same time, 
part of it is positive while another part is neg¬ 
ative. The instantaneous electrostatic field 
(E-field) is the same at the negative and posi¬ 
tive points, but the arrows representing each 
field point in opposite directions. The voltage 
along the line varies sinusoidally. Therefore, 
the density of the E-lines varies sinusoidally. 

An easy way to show the development of the 
E-field in a waveguide is from a two-wire 
transmission line which has quarter-wave insu¬ 
lators. Figure 6-3 shows the two-wire line pre¬ 
viously discussed with several double quarter- 
wave insulators, or half-wave frames used as 
insulators. 

The E-field on the main line is the same as 
that in the transmission line, as illustrated in 
figure 6-2. The half-wave frames located at 
points of high voltage will have a strong E-field 
across them. The half-wave frames located at 
a voltage minimum point will have no E-field 
across them. Frame (A) of figure 6-3 is an 
example of an insulator with a strong E-field. 
Each frame is shown separately below the main 
line for a clearer view. Frame (B) is at a zero 


voltage point, so it will have no field on it. 
Frame (C) also has a strong field, but its polar¬ 
ity is reversed. Frame (D) has a weaker field 
on it because it is at a lower voltage point on 
the main line. The picture shown is a buildup 
to the three dimensional aspect of the full E- 
field in a waveguide. 

Figure 6-4 shows the E-field in an actual 
waveguide. This field results when an infinite 
number of quarter-wave sections are connected 
to the line to form a rectangular box. The E- 
fieldis strong at one-quarter and three-quarter 
distances from the shorted end, but becomes 
weaker at the sine rate toward the upper and 
lower walls and toward the ends and center. 
Again the phenomenon of wavelength is present, 
as shown in figure 6-4 (A). This is an instan¬ 
taneous picture taken at the time the standing 
wave of voltage is at its peak. At other times, 
the voltage and E-field vary from zero to the 
peak value, reversing direction on every alter¬ 
nation of the applied voltage. 

Certain boundary conditions must exist in 
order for propagation to occur in a waveguide. 
The principal one is that there must be no elec¬ 
tric field tangent to the walls of the guide. This 
is satisfied by the E-field diminishing to zero 
at the top and bottom of the guide by natural RF 
line action; while at other places, the field is 
perpendicular to the walls. 
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(A) 



TOP VIEW 

(B) 


Figure 6-4. -E-field in 



Electromagnetic Field 

The second field which must always exist 
in a waveguide is the electromagnetic field, a 
term which is often shortened to ’’magnetic 
field.” The magnetic lines of force which 
make up the magnetic field are caused by the 
movement of electrons in the conducting ma¬ 
terial. All the tiny magnetic forces exerted by 
the individual moving electrons add together and 
form a large force around the conductor. The 
presence of the force is shown by closed loops 
around the single wire in (A) of figure 6-5. 
The closed loops are formed of magnetic lines 
of force, or H-lines, which must be continuous, 
or closed, in order to exist. These lines are 
associated with a current; their number varies 
directly with the amount of current present; 
and the total number of lines considered col¬ 
lectively is called the H-field. Each H-linehas 
a definite direction, which can be determined by 
use of the left-hand rule; and in the diagrams 
which follow, the strength of the field is indi¬ 
cated by the number of H-lines drawn in a given 
area. 

Although H-lines encircle a single straight 
wire, they behave differently when the wire is 
wound into a coil. (See fig. 6-5 (B).) In a coil 
the individual H-lines tend to form around each 
turn of wire, but in doing so take opposite di¬ 


rections between adjacent turns. This causes 
cancellation and results in zero field strength 
between the turns. But inside and outside the 
coil, the directions are the same for each H- 
field. Therefore, the fields join and form a 
continuous H-line around the entire coil. 

Similar action also takes place in a wave¬ 
guide. In diagram (C) of figure 6-5, a two- 
wire line with quarter-wave sections is shown. 
Current flows in the main line and the quarter- 
wave sections. The current direction produces 
the individual H-lines around each conductor. 
When a large number of sections exist, the field 
cancels between the sections, but their direc¬ 
tions are the same inside and outside the wave¬ 
guide. At halfwave intervals on the main line, 
current will flow in opposite directions. This 
produces H-line loops with opposite directions. 
In figure 6-5 (C), current at the left end is 
opposite to the current on the right end. The 
individual loops on the main line are opposite 
in direction. All around the framework, they 
join in such a manner that the long loops shown 
in (D) are formed. Outside of the waveguide, 
the individual loops cannot join to form a con¬ 
tinuous loop. Thus there is no magnetic field 
outside of a waveguide. 

Figure 6-6 shows a conventional presenta¬ 
tion of the magnetic field in a waveguide three 
half wavelengths long. Note that the field is 
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Figure 6-5. -Development of magnetic field or H-field in the waveguide. 


strongest at the edges of the waveguide. This 
is where the current is highest. The current 
is lowest at the center of each set of loops be¬ 
cause there the standing wave of current is zero 
at all times. Figure 6-6 represents an in¬ 
stantaneous condition. During the peak of the 
other half cycle of a-c input, all field directions 
are reversed. An instantaneous picture of 
this condition would show the field reversed 
at half wave intervals, since the current in the 
long line is reversed over half-wave distances. 

A second boundary condition necessary for 
electromagnetic fields to transfer power is 
satisfied by the configuration of the magnetic 
field. This condition requires that at the sur¬ 


face of the waveguide there be no perpendicular 
component of the magnetic field. Since all the 
H-lines are parallel to the surface, this condi¬ 
tion is satisfied. Thus, energy can be trans¬ 
mitted by a waveguide and is carriedin the elec¬ 
tromagnetic fields within the guide. Since the 
electric field is zero where it is parallel to the 
metal surface of the guide, no part of this field 
can penetrate the metal. In the same way, the 
varying magnetic field is zero at the surface of 
the metal where it attempts to penetrate the 
walls of the guide, so that no part of the mag¬ 
netic field can get outside the guide. Therefore, 
all of the energy in the field is wholly contained 
by the guide. Thus, measurements on the out¬ 
side of the guide can detect neither oscillating 
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Figure 6-6. -Magnetic field in waveguide three half wavelengths long. 
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Figure 6-7. -Conventional picture of both 
fields in a waveguide. 

electrons nor any electromagnetic fields caused 
by the electrical energy within the waveguide. 

Electric and magnetic fields exist simultane¬ 
ously in the waveguide. In fact, the H-fieId 
causes a current which in turn causes a voltage 
difference. This causes an E-field and it in 
turn causes a current which causes an H-fieId. 
This is a continuous action. One field is de¬ 
pendent on the other as energy is transferred 
continually from one field to the other. 


The conventional picture of both fields in 
the waveguide is shown in (A) of figure 6-7. 
Since this illustration is rather complicated, 
the presence and direction of the fields are 
usually indicated in simpler diagrams, such as 
(B), (C), and (D). In these diagrams the num¬ 
ber of E-lines in a given area indicates the 
strength of the electrostatic field, while the 
number of H-lines in any given section indi¬ 
cates the strength of the magnetic field in that 
area. 

The field configuration shown in figure 6-7 
represents only one of the many ways in which 
fields are able to exist in a waveguide. Such 
a field configuration is called a mode of opera¬ 
tion. In the case of the rectangular waveguide 
illustrated in figure 6-7, the configuration is 
known as the dominant mode, because it is the 
easiest one to produce. Other higher modes- 
that is, different field configurations-may oc¬ 
cur accidentally or may be caused deliberately 
in a waveguide. 

An example of another field configuration is 
developed in (A) of figure 6-8. If the size of 
this waveguide is doubled over that of the wave¬ 
guide shown in the previous illustration, the 
cross section will be a full wave rather than a 
half wave. The two-wire conductor can be as¬ 
sumed to be a quarter wave down from the top 
(or a quarter wave up from the bottom). The 
remaining distance to the bottom is three- 
quarters of a wave. A three-quarter wave sec¬ 
tion has the same high impedance input as the 
quarter-wave section. Thus the two-wire line 
is properly insulated and will transfer energy. 
The field configuration will show a full wave 
across the wide dimension (B). 

This field configuration can be applied to a 
circular waveguide. The two conductors shown 
in (C) of figure 6-8 are assumed to be part of 
the waveguide wall. The remaining part of the 
wall forms the quarter-wave sections, each of 
which acts as an insulator between the two con¬ 
ductors. This makes it possible to transfer 
energy with minimum losses. The resulting 
field configuration, shown at (D), is the domi¬ 
nant mode for a waveguide with a circular cross 
section. 

INTRODUCING FIELDS 
INTO A WAVEGUIDE 

A waveguide does not have the two connec¬ 
tions which are used ordinarily by RF lines. It 
is necessary to use special devices to put en¬ 
ergy into a waveguide at one end and to remove it 
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Figure 6-8. -Other field configuration in 
waveguides. 


from the other. In a waveguide, as with many 
other electrical networks, reciprocity exists 
in any excitation system-that is, energy may 
be transferred either to or from the waveguide 
with the same efficiency. 

Waveguides may be excited by three princi¬ 
pal methods; namely, electric fields, magne¬ 
tic fields, and electromagnetic fields. 

Exciting With Electric Fields 

When a small probe or antenna is placed in 
a waveguide and fed with an RF signal, current 
will flow in the probe and set up an electro¬ 
static field such as shown in figure 6-9 (A). 
This causes the E-lines to detach themselves 
from the probe and to form in the waveguide. 
When the probe is located in the right place, a 
field having considerable intensity will be set 
up. The best place to locate the probe is in the 
center, parallel to the narrow dimension and 
one-quarter wavelength away from the shorted 
end of the guide, as shown in (C). Note here 


that the field is strongest at the quarter-wave 
point. This is the point of maximum coupling 
between the probe and the field. Of course, the 
probe will work equally well at any point where 
E-lines exist with maximum intensity. For ex¬ 
ample, a good spot to place the probe would be 
a three-quarter wave distance from the shorted 
end. 

Usually, the probe is fed with a coaxial 
cable. In comparison with the waveguide, this 
cable is extremely short. This insures that 
the greatest benefit will be derived from the 
waveguide. Impedance matching b e tw e e n the 
coaxial cable and the waveguide is accomplished 
by varying the distance from the probe to the 
end of the waveguide (by moving the shorted 
end), and by varying the length of the probe 
(fig. 6-9 (B)). A mismatch will cause unwanted 
reflections in the waveguide. 

The degree of excitation can be decreased by 
reducing the length of the probe, by moving it 
out of the center of the E-field or by shielding 
it. Where it is necessary to vary the degree of 
excitation frequently, the probe is made re¬ 
tractable and the end of the waveguide is fitted 
with a movable plunger. In airborne radar sys¬ 
tems, the position of the probe and the end- 
piece is often predetermined at the factory and 
fixed permanently. 

In pulse modulated radar systems there are 
wide sidebands on each side of the carrier. In 
order that a probe feeding system does not dis¬ 
criminate too sharply against frequencies which 
differ from the carrier frequencies, wideband 
probes are often used. This type of probe is 
large in diameter and is conical or doorknob in 
shape. A conical probe is capable of handling 
high powered signals. (See fig. 6-9 (D)). The 
same kind of probe is used to take energy out of 
the guide and deliver it to the coaxial cable. 

Exciting With a Magnetic Field 

Another way of exciting a waveguide is by 
setting up a magnetic H-field in the waveguide. 
This can be accomplished by placing a small 
loop, which carries a high current, in the wave¬ 
guide. A magnetic field builds up and expands 
until .it fills the space within the waveguide. If 
the frequency of the current is correct, energy 
will be transferred from the loop to the wave¬ 
guide. A loop for transferring energy into a 
guide is shown in figure 6-10 (A) and (B). No¬ 
tice that the loop is fed by a coaxial cable. The 
location of the loop for optimum coupling to the 
guide is at the place where the magnetic field 
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Figure 6-9. -Exciting the waveguide with electric field. 
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is of greatest strength. A series of places exist 
where this is true. Several are shown in figure 
6-10 (C). When less coupling is desired, the 
loop can be rotated or moved until it encircles 
a smaller number of lines of force. 

When an excitation loop is used in aviation 
fire control radar equipment, its proper loca¬ 
tion is often predetermined either during con¬ 
struction or final tuning at the factor. In test 
or laboratory equipment, the loop is often made 
adjustable. 

When a loop is introduced in a guide in which 
an H-field is present, a current will be induced 
in the loop itself. Thus, the loop may take 
energy out of the waveguide as well as put en¬ 
ergy into it. 

Exciting With Electromagnetic Fields 

It may appear that a good way to excite the 
waveguide or to couple energy out of it is simply 
to leave the end open. However, this is not the 
case, for when energy leaves a guide, fields 
exist around the end which result in mismatch, 
as shown in figure 6-11 (A). In other words, 
reflections and standing waves would result if 
the end were left open. Thus, simply leaving 
the end open is not an efficient way of letting 
energy out of the waveguide. 


In order for energy to move smoothly in or 
out of a guide, the opening of the guide may be 
flared like a horn, as shown in (B) of figure 
6-11. This makes the guide similar to a V-type 
antenna. The horn in effect eliminates re¬ 
flection by matching the impedance of free 
space to the impedance of the waveguide. When 
the mouth of the horn is exposed to electromag¬ 
netic fields, the fields enter and are gradually 
shaped to fit the waveguide. The horn is direc¬ 
tional in characteristic. It sends or receives 
the greatest amount of energy in front of the 
opening. Flaring results in a gradual decrease 
in guide wavelength so that the wavelength at 
the mouth of the horn is nearly the same as the 
wavelength in space, and impedance matches 
wave impedance in space. 

Another method for either putting energy 
into or removing it from a waveguide is through 
an aperture (sometimes called slot coupling). 
Aperture coupling is physically simple and is 
frequently found in X-band fire control radar 
where adjustable coupling is not required. Al¬ 
though coupling of this type requires no mainte¬ 
nance, its theory of operation is important 
background information. 

Aperture coupling is illustrated in figure 
6-11 (C) and (D). It consists of a small open¬ 
ing properly located in the waveguide. The 
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Figure 6-10. -Excitation with magnetic field. 


amount of coupling the aperture provides is 
dependent on the size, shape, and location of 
the opening. 

Since an aperture is used with a cavity as 
well as a waveguide, consider its operation 
further. Referring to (A) of figure 6-12, the 
magnetic field is in the horizontal plane and the 
electric field (thus current flow) is perpendi¬ 
cular to the magnetic field as indicated. Figure 
6-12 (B) shows the same wall after the aper¬ 
ture has been cut. A portion of this current is 
interrupted by the aperture. The interrupted 
current may be considered to flow through the 
impedance caused by the aperture. A part of 
the interrupted current is capacitively coupled 
across the aperture and the remaining part 
flows around the opening. Since the path around 
the opening offers inductive reactance to the 



(A) REFLECTIONS OCCUR FROM AN ORDINARY OPEN END 
DUE TO THE WAY FIELDS EXPAND AROQND OPENING. 



(B) BY FLARING OPEN END WITH OPTIMUM PROPORTIONS, 
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Figure 6-11. -Excitation with electromagnetic 
fields. 

applied frequency, the circuit shown in (C) of 
figure 6-12 may be considered an equivalent 
circuit for an aperture. Thus, the aperture 
in a waveguide may be considered, as a parallel 
resonant tank. 


WAVEGUIDE PLUMBING 

In order for energy to move from one end of 
a waveguide to the other without reflections, the 
size, shape, and dielectric material of the 
waveguide must be constant throughout its en¬ 
tire length. Any abrupt change in its size or 
shape results in reflections. Therefore, if no 
reflections are desired, any change in the di¬ 
rection or the size of the waveguide must be 
gradual. When it is necessary that the change 
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in direction or size be abrupt, then special de- 
vices such as bends, twists, joints, or termi¬ 
nations, must be used. 

Bends 

Waveguides may be bent in several ways to 
avoid reflections (fig. 6-13). One is to make 
the bend gradual. It must have a radius of bend 
greater than two wavelengths in order to mini¬ 
mize any reflection. Some bends may be 90° 
bends; others may be greater or less than 90°, 
depending upon the requirements of the system. 
Still another type of bend is the sharp bend. 




(0 
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Figure 6-12. -Development of an aperture. 


A bend can be made in either the narrow or 
wide dimension of a guide without changing the 
mode of operation. Normally, in sharp 90° 
bend, reflections will occur. To avoid this, the 
guide is bent twice at 45°, one-quarter wave 
apart. The combination of the direct reflection 
at one bend and the inverted reflection from 
the other bend will cancel and leave the fields 
as though no reflection had occurred. 

To permit using any special bend which an 
installation might require, sections of wave¬ 
guides are often made flexible. These sections 
can be bent or twisted in any desired direction. 
They usually consist of a spiral wound ribbon 
of brass. In cross section the winding is exactly 


the same size as the waveguide. The entire 
assembly is like a spiral spring in that it can be 
bent or twisted into any desired shape. As skin 
effect keeps the current at the inner surface of 
the waveguide, the inside surface of the flexi¬ 
ble section, and any other section where attenua¬ 
tion is critical, is plated with either copper or 
silver. This provides for maximum current 
conductivity. The outside of the section is cov¬ 
ered with rubber. This gives the section flex¬ 
ibility and at the same time makes it both air¬ 
tight and watertight. 

Rotating the Field 

Sometimes it is desired to rotate the elec¬ 
tromagnetic fields so that they are in the pro¬ 
per direction for matching. 

This may be accomplished by twisting the 
waveguide (fig. 6-14). The twist should be 
gradual and extend over two or more wave¬ 
lengths to prevent excessive reflections. Flex¬ 
ible sections also are used to rotate fields. 

Joints 

Since it is impossible to mold an entire 
waveguide system in a radar set into one piece, 
it is necessary to construct it in sections, and 
then to connect the sections together by joints. 
There are three main types of joints: the per¬ 
manent, the semipermanent, and the rotating 
joints. 

On the surface it would appear that joining 
two waveguide sections together would only re¬ 
quire that the sections be the same size and fit 
tightly at the joint. However, irregularities at 
the joints set up standing waves and allow en¬ 
ergy to escape. One kind of joint which affords 
a good connection between the parts of a wave¬ 
guide and which has very little effect on the 
fields is the PERMANENT TYPE. This joint 
is made at the factory. When it is used, the 
waveguide sections are machined within a few 
thousandths of an inch and then welded together. 
The result is a hermetically sealed and mirror 
smooth joint. 

Where it is necessary that sections be taken 
apart for normal maintenance and repair, it is 
impractical to use a permanent joint. To per¬ 
mit portions of the waveguide to be taken apart, 
they are normally connected with semiperma¬ 
nent joints. The most common type of semi¬ 
permanent joint is the choke joint. A cross 
sectional view of a choke joint is shown in fig¬ 
ure 6-15 (A). It consists of two flanges which 
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Figure 6-13.-Types of bends. 


AQ.47 



AQ.48 

Figure 6-14. -Twisted section of waveguide 

rotates the field with minimum reflections. 

are connected to the waveguide at the center. 
The right-hand flange is flat, and the one at the 
left is slotted a quarter wave deep at a distance 
a quarter wave from the point where the walls 
of the guide are joined. The quarter-wave slot 
is shorted at the end. The two quarter waves 
together become a half wave and reflect a short 
circuit at the place where the walls are joined 
together. Electrically, this creates a short 
circuit at the junction of the two waveguides. 
The two sections actually can be separated as 
much as one-tenth of a wavelength without ex¬ 
cessive loss of energy at this joint. This sep¬ 
aration allows room to seal the interior of the 
waveguide with a rubber gasket for pressuriza¬ 
tion. The quarter-wave distance from the walls 
to the slot is modified slightly to compensate 


for the slight reactance introduced by the short 
space and the open circuit from the slot to the 
surface of the flange. 

The name CHOKE JOINT is said to come 
from the similarity between the action of this 
joint on RF fields and the action of anRF choke 
in a power supply lead. An RF choke keeps RF 
in the circuit where it belongs. Similarly, the 
choke joint keeps the electromagnetic fields in 
the waveguide where they belong. The loss in¬ 
troduced by the well-designed choke is less than 
0.03 db, while a well-machined, unsoldered 
permanent joint has a loss of 0. 05 db or more. 

Rotating joints are usually required in an 
airborne radar system where the transmitter 
is stationary and the antenna is rotatable. A 
simple method of rotating part of a waveguide 
system is by using a mode of operation that is 
symmetrical about the axis (fig. 6-16). (NOTE: 
Operational modes are discussed in chapter 12 
of Basic Electronics, NavPers 10087-B.) 

This requirement is met by using a circular 
waveguide and a mode such as TMq y In this 

method a choke joint may be used to separate 
the sections mechanically and to join them elec¬ 
trically. With this method the waveguide ro¬ 
tates, but not the field. The continuous field 
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Figure 6-15. —Choke joints keep RF fields inside waveguide. AQ. 49 



tion. In the rotating joint, a probe forms the 
end of the center conductor of the coaxial cable. 
The probe takes energy from one waveguide. It 
is then conducted through the coaxial cable and 
delivered through another probe to the other 
waveguide. 


+ + + + + 



TM 0 ,| MODE IN CIRCULAR WAVEGUIDE 
CHOKE JOINT 



ROTATING JOINT 

AQ. 50 

Figure 6-16. - Rotating joint and TM Q 1 mode 
in circular waveguide. 

produced by the fixed field minimizes reflec¬ 
tions. Although this method is satisfactory, 
current airborne fire control equipment uses 
rectangular waveguides. This requires a dif¬ 
ferent system for connecting the sections of the 
waveguide. For mechanical reasons the rotat¬ 
ing joint must be circular and involves the use 
of a coaxial cable, as shown in figure 6-17. 
This cable provides axial symmetry of the 
fields and the circular cross section for rota- 


The probe in the other waveguide is one end 
of the center conductor. The center conductor 
remains stationary with respect to one wave¬ 
guide and rotates with respect to the other. To 
make the rotating electrical connection, the 
outer conductor can be fitted either with sliding 
contacts or with the tubing by a half-wave slot. 
The slot which is shorted at the end reflects a 
short at the junction of the two outer conduc¬ 
tors. In this method, no mechanical contact 
is required between the two sections of the 
outer conductor. The inner conductor of the 
coaxial cable may be supported by insulating 
washers, if necessary. 

T-Junctions 

Sometimes it is desirable to connect a sec¬ 
tion of waveguide into the side of another wave¬ 
guide. This type of connection forms a T- 
junction. It may be connected either in the nar¬ 
row side, as shown in figure 6-18 (A), or in the 
wide side of the waveguide, as shown in (D). 
When the T-junction is in the plane of an H- 
field of a TEq ^ mode, it is called an H-type 

junction; and when the junction is in the plane 
of the E-lines, it is called an E-type junction. 
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Figure 6-17. -Rotating joint with rectangular waveguide. 
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The H-type junction is effectively a parallel 
connection with the main line. For example, 
when the end of the T-joint, (B) of figure 6-18, 
is short circuited at a distance of a half wave 
from the center of the waveguide, the result is 
the equivalent parallel circuit shown in (C). 
Note that (C) shows a half-wave section which 
is connected to a two-wire line. This section 
will reflect a short circuit at the line and will 
not allow any energy to pass. Similarly, in the 
waveguide itself a short circuit is reflected to 
the center, where the E-lines are supposed to 
be. Since an E-line cannot exist at a short 
circuit, no energy will pass that point. If the 
shorted end of the T-section were only a quarter 
wave from the center of the waveguide, an open 
section would be reflected there and the passage 
of energy would not be affected. 

The E-type joint is effectively a series con¬ 
nection with one side of the main line ((E) of 
fig. 6-18). Its two-wire counterpart is shown 
in (F). In this case, if the section added to the 
waveguide is a half wave long, it will act as a 
short at the junction but will allow the energy to 
pass. The length of the added section will have 
to be a quarter wave in order to open the cir¬ 
cuit at the junction and stop the ordinary flow 
of energy past it. 

One important use of the T-joint is with the 
automatic transmit-receive switch (also called 
the TR box). In the partial transmit-receive 
system, illustrated in figure 6-19, an H-type 


T-junction is connected in the main waveguide. 
The switching device in this illustration is 
known as an anti-TR (ATR). A spark gap (TR 
tube) is located an odd number of quarter waves 
from the center of the main guide. The junc¬ 
tion is shorted at the distance of a half wave 
from the center of the main waveguide. When 
the powerful transmitter is turned on, a spark 
jumps the spark gap. This causes the wave¬ 
guide branch to short at that point and is in¬ 
verted to an open circuit at the center. There¬ 
fore, transmitted energy can pass unhindered. 

Energy received from the radar echo enters 
the waveguide from the other end after the 
transmitter is turned off. This energy is not 
great enough to cause a spark to jump across 
the spark gap. This time the shorted end of 
the branch reflects a short at the center of the 
waveguide and reflects the received energy 
back to another T-junction, located at the in¬ 
put to the receiver. Thus no energy is ab¬ 
sorbed by the inoperative transmitter. There 
is a similar arrangement called a TR box 
placed in the waveguide leading to the receiver. 
It offers high impedance to the transmitted 
pulse but low impedance to the received echo. 

In practice the actual length of the sections 
in a T-junction is not an exact quarter or a 
half wavelength because the E-fields and H- 
fields are not perfect around the T-junction. 
A distortion around the junction called FRINGE 
EFFECT requires some variations from exact 
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wavelengths. A more detailed coverage of TR 
tubes is given later in this chapter under the 
heading "Duplexer Systems." 

MATCHING DEVICES 

Some devices used in radar introduce induc¬ 
tance or capacitance into the circuit. Some¬ 
times these reactances are deliberately intro¬ 
duced. Other times when they are present and 
not desired, they can be timed out with small 
fins or plates in a waveguide. 


Figure 6-20 shows a number of reactive 
plates which are deliberately used to introduce 
capacity or inductance in a waveguide. When 
these plates are employed, as shown in (A), they 
set up oscillations in the higher modes. Since 
a waveguide is too small for higher modes at 
the same frequency, these frequencies are not 
propagated, but remain in the vicinity of the 
plates. If the edges of the plate are vertical 
with respect to the plane of the H-field, the 
modes produced are the TM type. The effect of 
this on power flow is that of inductance across 
the two-wire line. This causes reflections and 
a shift in the standing wave pattern; the wider 
the space between the plates, the greater the 
inductive reactance. 

When the partitions are arranged perpen¬ 
dicularly to the E-field, as in figure 6-20 (B), 
a local E-field and the higher modes of oscilla¬ 
tion are set up between the edges of the plates. 
These oscillations cannot be propagated but do 
change the dominant mode to a TE mode and 
introduce capacitive reactance. As with the TM 
mode, the wider the opening, the greater the 
reactance. 

From these facts it would seem that a reso¬ 
nant circuit might be produced by combining 
both types of plates and leaving a small opening 
in a large guide, as shown in figure 6-20 (C). 
This is approximately true, provided the di¬ 
mensions are correct. At resonance, a reso¬ 
nant circuit acts like high resistance. In this 
condition, a small opening would introduce a 
high shunt resistance and the guide would in 
effect have connected across it a resonant cir¬ 
cuit, since at resonance a resonant circuit acts 
like a high resistance. 

Terminating a Waveguide 

The characteristic impedance (Z Q ) of a 

waveguide is not as easy to define as that of a 
coaxial line. Nevertheless, the characteristic 
impedance of a waveguide is approximately 
equal to the ratio of the strength of the electric 
field to the strength of the magnetic field for 
energy traveling in one direction. This ratio 
is equivalent to the voltage to current ratio in 
coaxial lines on which there are no standing 
waves. 

The lowest characteristic impedance of a 
circular waveguide is about 350 ohms. In a 
rectangular waveguide, it may be any value, 
depending on the dimensions of the waveguide 
and the frequency of the electrical energy. In 
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Figure 6-19. -T-junction as 

this guide, it is directly proportional to the 
narrow dimension when the other dimension and 
the frequency are fixed, and may vary from ap¬ 
proximately 0 to 465 ohms as previously dis¬ 
cussed. 

On a waveguide there is no place to connect 
a fixed resistor to terminate it in its charac¬ 
teristic impedance as there is on a coaxial 
cable. However, there are a number of special 
arrangements which accomplish the same thing. 
One consists of filling the end of the waveguide 
with a mixture of graphite and sand, as shown 
in figure 6-21 (A). As the fields enter the mix- 


AQ. 53 

transmit-receive switch. 

ture, currents flow in it. These currents 
create heat, which is instrumental in dissipat¬ 
ing energy. None of the energy thus dissipated 
as heat is reflected back into the guide. An¬ 
other arrangement, figure 6-21 (B), usesahigh 
resistance rod which is placed at the center of 
the E-field. The E-field (voltage) causes cur¬ 
rent to flow through the rod. The high resist- 

2 

ance of the rod dissipates the energy as an I R 
loss. 

Still another method for terminating a wave¬ 
guide is to use a wedge of high resistance as 
shown in (C). The plane of the wedge is placed 
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Figure 6-20. -Reactive plates in waveguide. 
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Figure 6-21. -Termination for minimum 

reflections. 

perpendicular to the magnetic lines of force. 
When the H-lines cut the wedge, a voltage is in¬ 
duced in it. The current produced by the in¬ 
duced voltage on flowing through the high re- 

2 

sistance of the wedge produces an I R loss. 
This loss is dissipated in the form of heat. 
This permits very little energy to reach the 
closed end to be reflected. These terminations 
are used as transmitter dummy loads for test¬ 


ing and in shop operation. They are generally 
constructed with external fins which give a 
larger radiation surface, thus better heat dis¬ 
sipation. 

Each of the preceding terminations is de¬ 
signed to match the impedance of the guide in 
order to insure a minimum of reflection. On 
the other hand, there are many instances where 
it is desirable for all the energy to be reflected 
from the end of the waveguide. The best way 
to accomplish this is to weld a permanent metal 
plate at the end of the waveguide. (See figure 
6-22 (A).) 

When it is necessary that the end be remov¬ 
able, a removable end plate is attached to the 
end of the guide. For this method to be satis¬ 
factory, the contact between the guide and the 
end plate must be exceptionally good in order 
that the H-field will not be attenuated when 
current flows. Perfect contact is not required 
when the connection is made at a point of mini¬ 
mum current. This point is located a quarter 
wave from the end. When connection is made 
at this point, a cup is used instead of the end 
plate. (See fig. 6-22 (B).) This cup is a quar¬ 
ter wave long and large enough to fit over the 
end of the guide. The voltage between opposite 
sides of the cup opening is high but as the re¬ 
flected H-field cancels the incident H-field, the 
resulting current is very small and reflection 
is at a minimum. 

When the end must be adjustable, the con¬ 
tact must be nearly perfect. However, it is im¬ 
possible to get a perfect contact. The best 
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Figure 6-22.-Termination for maximum 
reflection. 

arrangement, which is similar to the choke 
joint previously explained, consists of an ad¬ 
justable plunger which fits into the guide as 
shown in figure 6-22 (C). The walls of the 
waveguide and the plunger form a half-wave 
channel. The half-wave channel is closed at the 
end and reflects a short circuit across the other 
end, where a perfect connection is supposed to 
exist between the wall and the plunger. The 
actual physical contact is made at a quarter- 
wave distance from the short circuit, where the 
current is minimum due to the standing waves. 
This makes it possible for the plunger to slide 
loosely in the guide at a point where the contact 
resistance to current flow is very low. 

Directional Couplers 

Directional couplers are devices used to 
couple test equipment to a waveguide and are 


commonly included as a permanent section of 
the transmission line. They are used for meas¬ 
uring power in the waveguide, such as radar 
transmitter power output. They are also used 
to inject a signal of known power into the wave¬ 
guide to determine receiver sensitivity. Di¬ 
rectional couplers have a fixed amount o f at¬ 
tenuation which is generally stamped on the 
coupler. This type of coupling is used exten¬ 
sively as it contains no moving parts and in¬ 
jects negligible reflection into the waveguide. 

A directional coupler couples energy from a 
wave going in one direction in a guide but not 
from a wave going in the other direction. There 
are two types of directional couplers-TWO- 
HOLE and ONE-HOLE. 

A two-hole directional coupler is shown in 
figure 6-23 (A). 

In figure 6-23 (B), note that a wave traveling 
to the right in the bottom guide has two paths 
into the upper guide-one from A to D and the 
other path B to C. However, the two paths dif¬ 
fer in length by one-half wavelength, so that 
waves arriving by both paths interfere destruc¬ 
tively, and no wave proceeds to the left in the 
upper guide. Also, note that waves going to 
the right in the upper guide are lost in the ab¬ 
sorbing material. However, if the wave in the 
main guide moves to the left, then the two paths 
by which waves arrive at point D (path B-C-D 
and path B-A-D) are equal in length and a wave 
proceeds to the left in the upper guide, and is 
picked up by the test equipment probe. Thus, 
energy from the transmitter passing to the left 


ABSORBINS 

MATERIAL 




(B) 
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Figure 6-23.-Two-hole directional coupler. 
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in the guide will reach the test equipment i.con¬ 
nection with a desirable amount of fixed attenu¬ 
ation, but energy picked up by the antenna which 
passes to the right will not reach the test equip¬ 
ment. A signal injected at the test equipment 
probe will travel toward the receiver (which is 
between the directional coupler and transmitter) 
but will not pass to the left toward the antenna. 

The one-hole directional coupler is shown 
in figure 6-24. The coupling from the main 
guide to the branch is done by the electric and 
magnetic fields. The phase of the magnetic 
field is changed by the couplings so that the 
waves in the branch are canceled in one direc¬ 
tion and reinforced in the other. In contrast to 
the two-hole coupler, the one-hole coupler 
transmits a wave in a direction opposite to that 
of the wave in the main line. The proper coup¬ 
ling to secure the directional characteristic 
depends on the orientation angle between the 
main guide and the branch guide and the size of 
the hole between the two guides. 



AQ.57 

Figure 6-24. -One-hole directional coupler. 


The branch guide is terminated at one end 
with a resistive material to absorb unwanted 
power, and the other end is connected to a probe 
for connection to the test equipment. 

DUPLEXER SYSTEMS 

In present day aviation fire control radar, it 
is desirable to use a single antenna for both 
transmitting and receiving. A fast acting elec¬ 
tronic switching device is required to disconnect 
the receiver from the transmission line during 
periods of transmission and to disconnect the 
magnetr on during periods of reception. The re¬ 
ceiver must be disconnected in order to protect 
the receiver input section and crystal since the 
magnetron output may be several kilowatts. 
This function is performed by the TR device. 
The magnetron must be disconnected during 
periods of reception in order to allow all avail¬ 
able reflected energy from the target to pass to 
the receiver. This function is performed by 
the ATR device. 


The TR and ATR devices are grouped to¬ 
gether and referred to as a DUPLEXER. In 
performing the switching action the duplexer 
makes use of one or more gas filled tubes known 
as transmit-receive (TR) tubes. These tubes 
comprise a spark gap enclosed in a gas filled 
envelope. Ionization occurs during the trans¬ 
mitter pulse period and causes the tube to func¬ 
tion as a short circuit or closed switch. During 
the reception period these tubes remain de¬ 
ionized because the received signals are low 
power; thus they appear as an open circuit. 

A simplified cross section view of a wave¬ 
guide system duplexer is shown in figure 6-25. 
The TR tube (V1104) is used to protect the 
crystal mixer and the receiver circuits during 



(A) 



SIGNAL RECEPTION 

(B) 

AT. 216 

Figure 6-25. -Duplexer action in a 
waveguide. 
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transmission. When the magnetron fires, suf¬ 
ficient voltage is impressed on the TR tube to 
ionize it completely and break down the gap, 
producing an effective short circuit. Since the 
TR tube is placed a number of half wavelengths 
from the waveguide, a short circuit existing 
within the tube reflects an effective short cir¬ 
cuit at the entrance of the receiver T-junction. 
This prevents the RF pulse from reaching the 
crystal and the receiver, but permits it to flow 
freely to the antenna. The operation of the du- 
plexer during transmission is shown in figure 
6-25 (A). After the pulse has passed, the tube 
de-ionizes and again presents a high impedance 
at the entrance of the receiver T-junction. This 
allows any reflected signals to reach the crys¬ 
tal mixer. Duplexer action during signal re¬ 
ception is shown in figure 6-25 (B). 

The ATR tube (V1103) is located a number 
of wavelengths from the waveguide. Thus when 
the transmitter fires, which breaks down the 
gap of the ATR tube, an effective short circuit 
is reflected across the opening at this T-junc- 
tion. This causes the wall to appear continuous 
to the transmitted energy; thus the energy 
passes unimpeded. The ATR waveguide section 
is so constructed that an odd number of quarter 
wavelengths exists between its shorted end and 
the opening to the waveguide. During signal re¬ 
ception, the ATR tube is de-ionized and causes 
an effective open circuit to appear at the open¬ 
ing of the ATR junction. This causes a re¬ 
flected short across the waveguide adjacent to 
the TR opening, as illustrated in figure 6-25(B). 
The received signal is guided into the TR cavity 
instead of continuing to the magnetron. 

Note that both TR’s in this illustration are 
in the wide section of the waveguide. Thus they 
form an E-type junction whereas the application 
of an ATR (previously explained in this chapter 
under the heading T-junction) was an H-type. 

CHARACTERISTICS OF TR TUBES 

At atmospheric pressure approximately 
30,000volts are required to breakdown a spark 
gap of one inch. Approximately 50 volts are 
required to maintain ionization; this is known 
as running voltage. Once the voltage has been 
removed a lapse of approximately 10 /isec is 
required for de-ionization. By enclosing the 
spark gap in a partially evacuated envelope, the 
breakdown voltage will be reduced as well as 
the running voltage and the de-ionization time. 

Figure 6-26 shows the voltage envelope that 
appears across the TR spark gap and the re¬ 


ceiver input when the transmitter fires. For 
efficient transmitter operation it is important 
that the power dissipated by the TR tubes is 
small as compared to transmitter power. Also 
the TR tubes must maintain a properly matched 
line while they are fired. During the time that 
the transmitter is fired, the TR tubes must 
afford sufficient attenuation to prevent the power 
that leaks into the receiver from being so great 
an amplitude that it may damage the receiver 
crystal. To allow scope presentation of nearby 
targets it is necessary that the TR tubes de¬ 
ionize rapidly. 



Figure 6-26. -Voltage envelope seen across the 
TR spark gap when the transmitter is fired. 

The amplitude and duration of the initial 
spike must be reduced to the extent that the re¬ 
ceiver crystal will not be damaged. This is ac¬ 
complished by providing a keep-alive voltage 
to the TR tubes. TR tubes that perform this 
function contain three electrodes, two of which 
provide the main gap which does the switching, 
and the third, called the keep-alive electrode. 
This keep-alive electrode is mounted close to 
one of the other electrodes. It is connected to 
a negative potential of sufficient amplitude so 
as to maintain a steady glow discharge near the 
TR gap. Within the glow discharge there is a 
movement of electrons between the keep-alive 
electrode and the spark gap electrode. When 
the RF pulse is applied the gap is fired more 
quickly because of the flow electrons. Thus, 
ionization time and the RF spike at the front of 
the pulse are reduced. 

A CRYSTAL SHUTTER is frequently used as 
a protective device for the receiver crystal 
while the radar is turned off. When the radar 
is off, no keep-alive voltage is applied to the 
TR tube; thus there is the possibility that energy 
radiated from nearby radars may damage the 
crystal. A typical crystal shutter assembly 
may consist of a waveguide gate and a solenoid 
that controls the position of the gate. When the 
radar system is not in operation, the solenoid 
is not energized and the position of the gate is 
such that it causes a virtual short circuit 
across the waveguide path to the receiver input. 
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When the radar system is in operation, the so¬ 
lenoid is energized and causes the gate to move 
from the waveguide to a position where it will 
offer no interference to signals traveling to the 
receiver. 

Protection of the receiver may be improved 
by installing a transformer between the wave¬ 
guide and the TR tube. As a result of the step- 
up ratio of the transformer, the voltage across 
the TR tube will be greater than that across the 
line. This increase in voltage causes the tube 
to ionize faster, thus providing more receiver 
protection. An added benefit of the transformer 
action is less transmitter power loss since 
there is less voltage drop across the line at the 
T-junction of the TR tube. Resonant transfor¬ 
mers are used for this purpose in microwave 
TR systems. 

The cavity of the TR tube is designed to have 
a high Q; this necessitates careful tuning. Tun¬ 
ing is accomplished by means of a tuning screw 
which varies the separation of the main elec¬ 
trodes. Some equipments u s e a tunable ATR 
tube which must also be tuned to the transmitter 
frequency. A detuned TR will cause receiver 
sensitivity to drop. A means of determining if 
the TR is detuned is to compare the sensitivity 
of the receiver at the image frequency with the 
sensitivity of the receiver at the fundamental 
frequency. Before this comparison can be made 
it is necessary to know what this difference in 
sensitivity should be. This data may be ob¬ 
tained by making tests on a radar that is func¬ 
tioning in accordance with its specifications. 
The data obtained may be used for comparison 
reading. 

Recovery Time 

Recovery time may be described as the time 
required for a TR tube to de-ionize effectively. 
Specifically, it is the time between the end of 
the transmitted pulse and the time when the re- 
c e i v e d signal is attenuated 3 db (half-power 
point). This recovery time varies from ap¬ 
proximately 0.6 n sec to 36/i sec, depending 
upon the type of gas used in the TR tube as well 
as the amount of transmitter power. The length 
of the recovery time period is determined by 
the length of time required for the free elec¬ 
trons and ions, that remain in the gas after the 
transmitter pulse has been removed, to recom¬ 
bine. This recovery period will vary depending 
upon the type of gas used in the TR tube. 


Life of TR Tubes 

The life of a TR tube is relatively short as 
compared with most other tubes. A major fac¬ 
tor that shortens the life of these tubes is the 
gradual loss of gas pressure. This is the re¬ 
sult of the gas being absorbed by tube elec¬ 
trodes. Another reason for the short life of the 
tubes is that molecules of gas become embedded 
in the electrodes; this is caused by glow and 
keep-alive discharge. One means of lengthen¬ 
ing the life of these tubes is to maintain the 
keep-alive current within designed limits. 
Some equipments provide test points for making 
current checks. A reading lower than the nor¬ 
mal minimum current will most likely be an 
indication that the TR tube is not operating at 
proper efficiency. 

The most general indications of defective 
TR tubes are as follows: 

1. Receiver recovery time will increase. 

2. Receiver sensitivity will decrease. 

3. Receiver crystals will become defective. 
(This may be detected by a rapid increase in 
crystal back current.) 

Some radars use the same type of tube for 
TR and ATR operation. In some cases a tube 
that will not operate as a TR may be used sat¬ 
isfactorily as an ATR; thus for emergency op¬ 
eration the tubes may be interchanged. 

RING DUPLEXER 

The hybrid ring is a type of duplexer some¬ 
what different from those already discussed. 
It is capable of performing the functions of the 
duplexer previously discussed. In addition, it 
is capable of handling high power with a mini¬ 
mum of impedance mismatch. 

The ring duplexer is a coupling device which 
routes theRF energy from the magnetron to the 
antenna, and the received signals (echoes) from 
the antenna to the receiver. It is a circular 
waveguide path to which connections are made 
at four critically spaced E-plane waveguide 
junctions. An E-plane (series) junction is one 
where branch arms join the waveguide at right 
angles across a wide side (A dimension) as il¬ 
lustrated in figure 6-27. 

This type of junction is similar to a series 
connection to an open two-wire transmission 
line. Figure 6-28 shows the electric fields in 
successive wavefront positions for an analysis 
of an E-plane junction. 

Signals arriving at the junction from the 
branch waveguide (fig. 6-28 (A)) divide and are 
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Figure 6-27. -E-plane junction. 

propagated down both of the inline arms, the 
two signals leaving the junction 180° out of 
phase. In-phase signals arriving at the junction 
from the inline arms (fig. 6-28 (B)) combine in 
the branch waveguide 180° out of phase and, if 
equal, cancel each other. Signals 180° out of 
phase arriving at the junction from the inline 
arms (fig. 6-28 (C)) combine in the branch 
waveguide in phase and add. 

The total length of the ring duplexer illus¬ 
trated in figure 6-29 is one and one-half wave¬ 
lengths; the branches are spaced one-fourth 
wavelength apart. TheRF signal from the mag¬ 
netron oscillator enters the hybrid ring du¬ 
plexer and divides as illustrated in figure 6-29 
(A). The two out of phase signals start in op¬ 
posite directions around the ring. The signals 
enter the two arms of the duplexer leading to 
TR tubes VI and V2. The TR tubes ionize, 
short circuiting the paths as in the duplexer 
assemblies previously discussed. Most of the 
energy in the signals is reflected back toward 
the ring duplexer. The weak signals leaking 
past the TR tubes, illustrated by the light lines 
in figure 6-29 (A), travel equal distances and 
arrive at the magic T-junction 180° out of 
phase. These signals thus enter the E-plane 



(A) 
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Figure 6-28. -Electrical properties 
of waveguide junctions. 

junction and are absorbed by the dissipative 
load. Transmitter energy does not enter the 
H-plane junction leading toward the signal 
mixer since out of phase signals cancel at this 
type of junction. The reflected energy from the 
TR tubes proceeds around the duplexer to the 
arm which is connected to the antenna. TR tube 
VI is one-quarter wavelength further from the 
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Figure 6-29. -Ring 

ring duplexer than TR tube V2; the energy re¬ 
flected from this tube thus travels one-half 
wavelength farther in the TR-tube arm. This 
signal travels one-half wavelength in the ring 
duplexer while the signal reflected from V2 
travels one wavelength in the duplexer. 

The two-branched transmission signals thus 
have traveled equal distances when they reach 
the antenna junction and, since they left the 
magnetron arm out of phase, they arrive at the 
antenna junction out of phase. The antenna 
junction is also an E-plane junction; the two 
signals thus add and pass out through the trans¬ 
mitter arm. A greatly attenuated sample of the 
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duplexer (A) and (B). 

transmitted signal is taken from the antenna 
arm of the ring duplexer and conducted by 
waveguide to the AFC (automatic frequency con¬ 
trol) mixer of the receiver section of the sys¬ 
tem. 

The receive cycle of operation of a ring du¬ 
plexer is illustrated in figure 6-29 (B). The 
received signals from the antenna leave the an¬ 
tenna arm of the hybrid ring 180° out of phase. 
The distance traveled by the received signal 
reaching the magic-T junction through the arm 
of de-ionized TRtube V2 is one-half wavelength 
greater than that through the arm of Vl. 
Therefore, received signals combining at the 
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magic-T junction are in phase and enter the H- 
plane junction leading to the signal mixer. 

When the power is off or when the system is 
in standby condition, a protective shutter is 
used to slide in the waveguide by relay action 
to protect the crystal mixers from radiation of 
nearby radar sets. The directional coupler il¬ 
lustrated provides the same purposes as dis¬ 
cussed on other duplexer systems. 

Another advantage of the ring type duplexer 
IS that no ATR device is required as with the 
previously discussed duplexers. 

This advantage can be explained through 
the examination of the basic properties of hy¬ 
brid junctions. If each of the side arms of the 
junction are terminated in the characteristic 
resistance of the arm, then the input impedance 
at the junction will be equal to the terminating 
resistance. This will allow for matching pairs 
of entries in such a manner that no power will 
be exchanged between entries of pairs. The 
ring duplexer is balanced in pairs such that the 
arm from the antenna and the arm from the 
transmitter are matched, and the two arms 
containing the TR tubes are also matched. 
When the input to the ring is from the antenna 
arm, as it is during receive time, the two volt¬ 
age waveforms at the transmitter arm combine 
180° out of phase. Thus, the output voltage is 
aero so no power is delivered at the entry to the 
transmitter, and the power is divided equally 
between the loads at the arms containing the 
TR tubes. 


(A) 




HALF TURN LOOP IN PARALLEL 



CAVITY RESONATORS 

In radio work the conventional low frequency 
resonant circuit consists of a coil and capacitor 
connected either in series or in parallel as in 
figure 6-30 (A). To increase the resonant fre- 
fuency, it is necessary to decrease either the 
capacitance or the inductance or both. How¬ 
ever, a frequency is reached where the induct¬ 
ance is a half-turn coil and where the capaci¬ 
tance consists only of the stray capacitance in 
the coil. At extremely high frequencies this 
resonant circuit would consist of a coil about 
one inch long and a quarter of an inch across. 

In this circuit the current handling capacity 
and breakdown voltage for the spacing would be 
low. 

The current carrying ability of a resonant 
circuit may be increased by adding half-turn 
loops in parallel. This does not change the 
resonant frequency appreciably because it adds 
capacitance in parallel (which lowers the fre- 


QUARTER WAVE SECTIONS 



CLOSED METAL CONTAINER 
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Figure 6-30. -Development of cavity from 
quarter-wave sections. 

quency) and inductance in parallel (which in¬ 
creases the frequency). As the effects of each 
cancel, the frequency remains about the same. 

In figure 6-30 (C), several half-turn loops 
are added in parallel. Several quarter-wave 
Lecher lines are shown in parallel in figure 6- 
30 (D). These lines are resonant when they are 
near a quarter wavelength. When more and 
more loops are added in parallel, the assembly 
eventually becomes a closed resonant box as 
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shown in (E) which is a quarter wave in radius 
or, in other words, a half wave in diamater. 
This box is called a RESONANT CAVITY. 

A resonant cavity displays the same reso¬ 
nant characteristics as a tuned circuit com¬ 
posed of a coil and capacitor. In it there are a 
large number of current paths. This means 
that the resistance of the box to current flow is 
extremely low and that the Q of the resonant 
circuit is very high. While it is difficult to at¬ 
tain a Q of several hundred in a coil of wire, it 
is fairly easy to construct a resonant cavity 
with a Q of many thousand. Although a cavity 
is as efficient at low frequencies as at high fre¬ 
quencies, the large size required at low fre¬ 
quencies prohibits its use at those frequencies. 
For example, at 1 MHz a resonant cavity would 
be a cylinder about 500 feet in diamater. When 
the frequency is in the vicinity of 10, 000 MHz, 
the diameter of the cavity is only 0.6 inch. 
This makes the cavity smaller than a conven¬ 
tional tuned circuit. Therefore, equipment 
which operates at a frequency of approximately 
3, 000 MHz or above employs resonant cavities 
extensively. 


FIELDS IN A CAVITY 

A resonant cavity may be compared to a 
waveguide, since its operation is best described 
in terms of the fields rather than in terms of 
the currents and voltages present. As in wave¬ 
guides, the different field configurations in 
cavities are called MODES. The dominant mode 
of the cylindrical cavity is shown infigure6-31. 
Note that the voltage is represented by E-lines 
between the top and the bottom of the cavity in 
figure 6-31 (A). Due to skin effect,.the current 
flows in a thin layer on the surface of the cav¬ 
ity. The strength of the current is indicated by 
arrows of various lengths. The magnetic field 
is strong where the current is high. The 
strongest H-field is at the vertical walls of the 
cylinder and diminishes toward the center 
where the current is zero. This is due to the 
standing waves on the quarter-wave section. 
The E-field is maximum at the center and de¬ 
creases to zero at the edge, where the vertical 
wall is a short circuit to the voltage. The 
curves of E-field and H-field density are shown 
in figure 6-31 (B); two types of cavities with 
their fields represented are shown in (C) and (D). 


THICKNESS OF ARROWS PROPORTIONAL TO 
AMOUNT OF ELECTRON FLOW ON INNER WALLS 






(c) 



Figure 6-31. - Voltages, currents, and associated fields for simple modes 

in a cavity resonator. 
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The modes in a cavity are identified by the 
same numbering system used with waveguides, 
except that a third subscript is used to indicate 
the number of patterns of the transverse field 
along the axis of the cavity (perpendicular to 
the transverse field). For example, the cylin¬ 
drical cavity shown in (C) of figure 6-31 is a 
form of circular waveguide. The axis is the 
center of the circle. The transverse field is 
the magnetic field. Therefore, it is TM (trans¬ 
verse magnetic). Around the circumference 
there is a constant magnetic field. (TheH-lines 
are parallel to the circumference.) Therefore, 
the first subscript is zero. The distance across 
the diameter is one-half wave. Thus, the se¬ 
cond subscript is one. Through the center, 
along the axis, the H-field strength is a con¬ 
stant zero. This makes the third subscript 
zero. Therefore, the complete description of 
the mode is TM„ „ 

0,1,0 

When a section of waveguide which is one- 
half wave long is closed on both ends in the 
form of a rectangular cavity, as shown in figure 
6-31 (D), standing waves are set up and reso¬ 
nance occurs. The simple mode in this cavity 
is the same as the dominant mode of a rectan¬ 
gular waveguide; that is, it is TE Q ^ The 

third subscript of the mode, which is deter¬ 
mined by the plane of the E-field, is one. Thus 
the complete description of the simple mode in 
the rectangular cavity in (D) is TE_ . . (trans¬ 
verse electric). * ’ 

Cavities may have various physical shapes, 
for any chamber enclosed in conducting walls 
resonates at several frequencies and produces 
a number of modes. Figure 6-32 shows several 
types of cavities. (Note the large approximate 
Q values indicated in some cases). Of those 
shown the cylinder type cavity is useful in 
wavemetersor in frequency measuring devices. 
The cylindrical ring type is used in superhigh 
frequency oscillators as the frequency deter¬ 
mining element. The section of waveguide 
which is shown diagrammatically in figure 6-32 
is used in some radar systems as a mixing 
chamber for combining signals from two 
sources. 

EXCITING THE CAVITY 

Energy may be inserted or removed from 
a cavity in the same ways in which it may be 
inserted or removed from a waveguide. These 
methods are probe coupling, loop couplings, and 
aperture or slot coupling. The probe method, 
illustrated in (A) of figure 6-33, is equivalent 


to capactive coupling and is accomplished by 
inserting a probe into the qavity at a point of 
maximum E-field strength. 

Loop coupling, illustrated in figure 6-33 (B), 
is a form of magnetic or current coupling. The 
loop is located at a point of maximum H-lines. 
It should be noted that the loop is perpendicular 
to the tangent of the H-lines. 

Aperture coupling (fig. 6-33 (C)), which may 
be used between two cavities or between a cav¬ 
ity and a waveguide, employs an aperture or 
window, cut in a wall that is common to the two 
cavities or to the cavity and waveguide. Cou¬ 
pling results from the penetration of the elec¬ 
tric and magnetic fields through the opening. 

An additional means of exciting a reentrant 
type of resonant cavity not found in waveguides 
is illustrated in (D) of figure 6-33. The cylin¬ 
drical ring type cavity receives energy from 
clouds of electrons which are virtually shot 
through holes in the center of the perforated 
plates. It may be said that the approaching 
cloud of electrons makes the first perforated 
plate positive by repelling the electrons away 
from it. This current starts an H-field. As 
the cloud of electrons approaches the second 
perforated plate, the process is reversed. 


VARYING THE RESONANT 
FREQUENCY OF THE CAVITY 

Three methods for setting the resonant fre¬ 
quency in a cavity are shown in figure 6-34. 
One method uses a cylindrical cavity with an 
adjustable disk. When TEq mode is used, 

the size of the cylinder may be changed along 
the axis to change the resonant frequency; the 
smaller the volume of the cavity, the higher the 
resonant frequency. The movement of the disk 
may be calibrated in terms of frequency. Usu¬ 
ally in the case of high frequency equipment, a 
micrometer scale is used to indicate the posi¬ 
tion of the disk, and a calibration chart is used 
to determine the frequency. 

A second method for varying the frequency 
employs threaded plugs which are inserted in 
the side of the cavity. The plug reduces the 
strength of the magnetic field in the cavity in a 
manner similar to reducing the inductance of 
the tuned circuit. The deeper the plug extends 
into the cavity, the higher the frequency. 

In a third method, the interior of the cavity, 
which is part of the interior of a vacuum tube, 
is sealed and evacuated. In this method a fre¬ 
quency change occurs whenever the top and 
bottom of the cavity are moved away from (or 
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Figure 6-32. -Several types of cavities. 
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toward) each other. This is accomplished by 
turning a screw. (See fig. 6-34.) As the dis¬ 
tance varies, the capacity between the top and 
bottom of the cavity is changed. There is also 
a slight change in volume. As the change in 
capacity is the chief result of the change in the 
distance between the plates, the resonant fre¬ 
quency is directly proportional to the distance 
from the top to the bottom. 

Another way of changing the frequency is by 
changing the method of exciting the circuit. 
This can be done by tuning the exciting loop 
either capacitively or inductively. This can 
occur either accidentally due to improperly 
tuned circuits or deliberately as a means of 
tuning the cavity. 


MICROWAVE FERRITES 

Ferrites are unique because they have use¬ 
ful magnetic properties and are also insulators. 
RF fields can penetrate ferrite; this is not pos¬ 
sible in conducting magnetic substances. 

The more common ferromagnetic sub- 
stances-iron, nickel, cobalt, and their alloys- 
are good electrical conductors; they cannot be 
used as magnetic materials at the higher fre¬ 
quencies because of eddy current losses. The 
ferrites are not subject to eddy currents, and 


even though their magnetic susceptibility is 
much lower than that of the ordinary ferromag¬ 
netic substances, they can be and are used ex¬ 
tensively at the higher frequencies. Ferrites 
with a wide range of magnetic and electrical 
properties can be produced. 

Another class of magnetic oxides, the gar¬ 
nets, are used extensively as magnetic sub¬ 
stances at high frequencies. The garnet is a 
rather complex oxide (compared to ferrites). 
The garnet crystal can fit several of the rare 
earths into its lattice. The rare earths have 
several unpaired inner electrons and therefore 
have strong magnetic properties. The yttrium- 
iron garnet is probably the most useful of the 
garnets at present. Certain devices employing 
ferrites could formerly be used only at micro- 
wave frequencies. The garnet has made it pos¬ 
sible to use these devices at frequencies as low 
as UHF. 

NONRECIPROCAL DEVICES 

At microwave frequencies, the greatest use 
of ferrites is in nonreciprocal propagation de¬ 
vices. Nonreciprocal devices can be used to 
isolate a signal source from its load. A mag¬ 
netron or other microwave signal source oper¬ 
ating into a varying mismatched load (as in the 
case of a scanning antenna which is fed by a 
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Figure 6-33. -Methods of exciting the cavity. 
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line with rotating joints) tends toward frequency 
"pulling." If the reflected energy caused by 
mismatch is absorbed or diverted before it 
reaches the source, the source will see a con¬ 
stant load. 

Ferromagnetic Resonance 

Nonreciprocal ferrite devices make use of 
the interaction of the electron’s spin with an 
external magnetic field. When a ferrite is 
placed in an external magnetic field, the atomic 
"magnets" within the ferrite tend to line up with 
the external field (i. e., the electrons’ spin 
axes line up with the external field). A spin¬ 
ning electron has gyroscopic properties. When 
an external force attempts to change the spin 


axis, the electron precesses. Any gyro has a 
preferred or natural precession frequency 
which is proportional to the strength of the ex¬ 
ternal field. By proper choice of ferrite and 
external field strength, the natural precession 
frequency can be made to occur at any selected 
microwave frequency. 

An electromagnetic wave traveling down a 
waveguide will produce, at a point off the cen¬ 
terline of the guide, a rotating magnetic field. 
This is illustrated in figure 6-35. As the wave 
advances from right to left, the stationary point 
A sees a clockwise rotating magnetic field as 
points 1, 2, 3, and 4 on the moving wave pat¬ 
tern go past. A wave traveling from left to 
right will produce, at point A, a magnetic field 
with counterclockwise rotation. 
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Figure 6-34. -Methods of changing the 
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Figure 6-35. -Rotating magnetic fields 
in a waveguide. 

A slab of ferrite placed off center in a 
waveguide, as shown in figure 6-36, will act 
as a one-way device at a frequency which de¬ 
pends on the external magnetic field strength. 
If the ferrite’s preferred electron precession 
frequency matches the frequency of an RF wave 
traveling from left to right in the guide, the 
ferrite will absorb most of the energy in the 
wave; the rotating magnetic field as seen at 
point A will aid electron precession. The elec¬ 
trons will precess vigorously and convert the 
RF energy to heat. This phenomenon is known 
as ferromagnetic resonance. A wave traveling 
from right to left will be attenuated very little 
because its rotating magnetic field will oppose 
electron precession. The one-way device 
shown in figure 6-36 is a resonance isolator. 
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Figure 6-37. - Faraday rotation. 
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Faraday Rotation 

If a plane-polarized wave is propagated 
through a waveguide containing an axially 
mounted ferrite rod, the plane of polarization 
will be rotated when a magnetic field is applied 
parallel to the direction of propagation. The 
amount of rotation will depend on the strength 
of the applied field and the dimensions of the 
ferrite rod. The sense or direction of rotation 
will depend only on the polarity of the magnetic 
field. Figure 6-37 illustrates Faraday rotation. 

An isolator which uses the Faraday effect is 
shown in figure 6-38. A plane-polarized wave 
comes down the guide and goes through a rec- 
tangular-to-round waveguide transition. As the 
wave passes the ferrite, its plane of polariza¬ 
tion is rotated 45° clockwise, and it leaves 
through the rectangular guide. If a wave comes 
down the guide in the reverse direction, it will 
also be rotated 45° clockwise (as viewed from 
the left) as shown in figure 6-38 (B). The wave 
will be 90° from the transmission plane of the 
rectangular guide (the guide will be cut off for 
this polarization), and the wave will be re¬ 
flected. Properly oriented vane type absorbers 
will absorb this energy without affecting waves 
traveling in the other direction. 

In isolators designed to handle high power, 
the reflected wave can be coupled out to a sep¬ 
arate power absorbing load. An isolator of this 
type is shown in figure 6-39. 

Switches 

A Faraday isolator can be modified to act as 
a single pole, double throw, waveguide switch. 


2 
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Figure 6-40. - Four-port circulator. 


In the waveguide switch, the output end of the 
device has two rectangular output guides 90° 
apart. Each output guide is 45° from the input 
guide at the other end of the device. An elec¬ 
tromagnet supplies the external field. Switch¬ 
ing is accomplished by reversing the direction 
of current flow in the electromagnet. Current 
in one direction causes the RF wave polariza¬ 
tion to be rotated clockwise 45°. Electromag¬ 
netic current in the opposite direction causes 
the wave polarization to rotate 45° counter¬ 
clockwise. In each case, only one of the output 
guides will accept the RF wave. Switching 
times of less than 1 y sec are possible. Isola¬ 
tion between the output guides (if they are pro¬ 
perly terminated) is on the order of 40 db. 
This type of switch can be used to switch a 
transmitter between two antennas. 

Circulators 

A circulator is a device which allows one¬ 
way propagation of signals through it. It may 
have several input-output ports. Figure 6-40 
is a schematic of a four-port circulator. The 
arrow shows direction of power flow within the 
circulator. Power entering port one leaves by 
port two only; power entering port two leaves 
by port three only, and so on. This one-way 
power flow between ports results from rotation 
of the signal polarization between ports. Each 
port is so oriented that it will be cut off for all 
signals except those which entered the port 
just before it. Each port, if it is properly 
terminated, will accept all of the power from 
the preceding port. Figure 6-41 shows a four- 
port circulator used as a radar duplexer. The 
load at port four absorbs any local oscillator 
signal from the receiver and prevents it from 
being radiated. 
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Figure 6-41. -Four-port circulator used as 
a radar duplexer. 
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CHAPTER 7 


MICROWAVE TRANSMISSON 


The function of the radar transmitter is to 
develop and deliver the radiofrequency (RF) 
energy to the antenna for propagation. Most of 
the aviation fire control radars presently in use 
are pulse modulated; therefore, the discussion 
on radar transmitters and associated circuits 
will be centered around pulse modulated radar 
systems. 

RADAR PERFORMANCE FACTORS 

Any radar system has associated with it 
certain constants. The choice of these con¬ 
stants for a particular system is determined by 
the tactical use, the accuracy required, the 
range to be covered, the practical physical 
size, and the problem of generating and re¬ 
ceiving the signal. The effectiveness of a radar 
set on a particular mission is increased by de¬ 
signing it so that the transmitted pulse has the 
proper characteristics. The most important 
characteristics of a radar pulse are its shape, 
length, and repetition frequency. 

PULSE SHAPE 

The shape of the pulse determines range ac¬ 
curacy, minimum and maximum range, and 
resolution or definition of target. The pulse 
shape is of little importance in the detection of 
a target as long as it has sufficient power to 
cause a detectable echo at the receiver. How¬ 
ever, the shape of the pulse is very important 
for range and Doppler velocity measurements. 
Pulsed Doppler radar depends on the duration 
of the waveform (pulse width) where it is used 
in moving target indicators (MTI). 

For good range resolution (that is, the 
ability to separate two targets at nearly the 
same range), a narrow pulse width is required. 
If a pulse width of 6 microseconds is used, tar¬ 
gets 1/2 mile apart may be resolved. (Remem¬ 
ber that 6.18 microseconds equals 1/2 radar 
mile.) When the two targets are separated by 
less than 1/2 mile, the leading edge of the pulse 
will be striking the farthest target while the 
trailing edge of the pulse is arriving at the 
closest target. This will cause both targets to 


appear as one on the scope. Thus the narrower 
the pulse, the better is the range resolution. 

From the foregoing it would seem that an 
extremely narrow pulse would be desirable. 
This is not always the case. In order to be de¬ 
tected, a target must return an echo that is 
strong enough to cause an indication on the 
scope. The energy in the returned echo may be 
increased by increasing the peak transmitted 
power or by illuminating the target for a longer 
period of time. Longer target illumination may 
be achieved by increasing the PRF or the pulse 
width. The peak power that a radar transmitter 
may produce is limited by the size and quality 
of its power supply, magnetron, waveguides, 
and other components. Therefore, it is usually 
more practical to design a radar with a lower 
peak power, increasing the pulse width to main¬ 
tain a sufficient total energy level. 

There are also other practical limitations to 
the minimum pulse width that can be used. Nar¬ 
row pulses require a receiver with a greater 
bandwidth. This reduces the gain of the receiver 
and increases noise. 

The ideal pulse with perfectly vertical lead¬ 
ing and trailing edges is not attainable. To have 
perfectly vertical sides (zero rise and fall 
times) would require an infinite bandwidth. In 
actual practice, rise and fall times of 10 nano¬ 
seconds (0.001 microsecond) are commonplace. 
The steepness of the leading edge is a predomi¬ 
nant factor in the accuracy of range determina¬ 
tion. Slope of the trailing edge causes the re¬ 
ceiver to remainblanked longer than necessary, 
reducing minimum range performance. 

PULSE REPETITION FREQUENCY 

The pulse repetition frequency (PRF) largely 
determines the maximum range and, to some 
degree, the accuracy of a radar set. The actual 
time elapsing between the beginning of one pulse 
and the beginning of the next, called the pulse 
repetition period, is the reciprocal of the PRF. 
Thus, for example, if the PRF is 400 
hertz, the pulse repetition period is 1/400 
seconds, or 2,500 microseconds. When the fre¬ 
quency is too high-that is, when the period 


135 


Digitized by Google 



AVIATION FIRE CONTROL TECHNICIAN 1 & C 


between pulses is too short-the echo from the 
farthest target may return to the receiver after 
the transmitter has emitted another pulse, 
making it impossible to tell whether the ob¬ 
served pulse is the echo of the pulse just trans¬ 
mitted or the echo of the preceding pulse. Such 
a condition is referred to as range ambiguity. 

Although the pulse repetition rate must be 
kept low enough to attain the required maximum 
range, it must also be kept high enough to avoid 
some of the pitfalls a single pulse might en¬ 
counter. If a single pulse were sent out by a 
transmitter, atmospheric conditions might at¬ 
tenuate it, the target might not reflect it prop¬ 
erly, or moving parts-such as a propeller- 
might throw it out of phase or change its shape. 
When it did return, you might blink your eyes 
just when it would be displayed on the screen 
and you would not see it at all. Thus, informa¬ 
tion derived from a single pulse would be highly 
unreliable; but by sending many pulses, one 
after another, many good ones will return. The 
equipment will integrate or sum up the good 
points of all the pulses and present you with a 
clear, reliable picture. Equipment is therefore 
designed in such a way that many pulses (ten or 
more) are received from a single object. In this 
way, effects of fading are somewhat reduced. 
At short ranges, the pulse repetition frequency 
is increased in order to insure accurate meas¬ 
urements. Many echoes are received from one 
target, and the integrating effect is increased. 
This makes possible more accurate range and 
bearing determination. 

Tactical employment of a radar set deter¬ 
mines, to a large degree, the PRF to be used. 
Long range search sets, require a pulse rate 
slow enough to allow echoes from targets at the 
maximum range to return to the receiver before 
the transmitter is again pulsed. Higher pulse 
rates are used in aircraft interception sets 
where the maximum range is less. 

The following equation will readily deter¬ 
mine either the PRF or the range if one of them 
is known: 

Speed of Light 

PRF -- 

2 x Range 

(Multiplying range by 2 converts range to radar 
range.) Thus a radar with a PRF of 800 hertz 
could operate to a maximum range of 
about 100 miles without range ambiguity. Most 
fire control equipments use 2,000 yards as the 
standard radar mile; the difference between it 


and the nautical mile (6, 076 feet) is less than 
1 percent. 

In theory it is desirable to strike a target 
with as many pulses of energy as possible dur¬ 
ing a given scan. Thus, the higher the PRF the 
better. A high PRF combined with a narrow 
pulse improves angular resolution and range 
rate accuracy by sampling the position of the 
target more often. However, we have shown that 
maximum range limits the PRF. 


Power Output 

The ability of the transmitter to provide suf¬ 
ficient power is also a limiting factor. Increas¬ 
ing the PRF increases the average power a pro¬ 
portional amount as shown by the equation 


Average Power 

= Peak Power x Pulse Width x PRF 

The useful power of the transmitter is that 
contained in the pulses and is termed the peak 
power of the system. Power is normally meas¬ 
ured as an average value over a relatively 
long period of time. Since the radar transmitter 
is resting for a time which is long with respect 
to its operating time, the average power de¬ 
livered during one cycle of operation is ex¬ 
tremely low compared to the peak power avail¬ 
able during the pulse time. High peak power is 
desirable to produce a strong echo over the 
maximum range of the equipment. Low average 
power enables the transmitter tubes and cir¬ 
cuit components to remain cooler while oper¬ 
ating and thus can be made smaller and more 
compact. 


Scan Rate and Beam Width 

Another factor affecting the PRF is the rate 
of angular motion of the antenna in searching 
extensive regions. If the antenna is moved 
through too large an angle between pulses, not 
only will the number of pulses per target be too 
low, but there may even be areas in which tar¬ 
gets may exist without their being detected. In 
this connection, still another factor to consider 
is the sharpness of the antenna beam. A sharp 
beam must be pulsed more often than a wide 
beam to avoid skipping over targets. 
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The following equation shows the relation¬ 
ship of the antenna beam width, PRF, and an¬ 
tenna scan rate: 


N 


B 


Vr 


- Vr 


I to 


m 


type of transmitter; however, it contains the 
elements found in a majority of aviation fire 
control radar systems. 

The technician should bear in mind that the 
various components discussed may be physi¬ 
cally located in one unit or in several different 
units, depending on the type of installation. 


where Q = antenna beamwidthin degrees 

D 


FUNCTIONAL OPERATION 


f r = PRF in pps 

Q s = antenna scanning rate in deg/sec 

w = antenna scanning rate in rpm 
m 

N B = the number of pulses returned from 

a point target as the antenna scans through its 
beam width. (Generally, at least 10 pulses must 
be returned from a point target for reliable de¬ 
tection probability.) 

PRF's of 100 to 2,400 pulses per second are 
typical of existing aviation fire control radar 
equipments. RF pulses are usually of short du¬ 
ration, (0.25 to 0.75jzsec) giving a long rest 
period between pulses. 

The carrier frequencies, contained within 
the pulses, are normally from 3,000 to 10,000 
MHz (X-band). Sets designed to operate at these 
frequencies have the advantages of producing 
narrow beams and using small size RF compo¬ 
nents . 

The block diagram (fig. 7-1) is a simplified 
drawing and does not refer to any particular 
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Figure 7-1. - Radar transmitter (block diagram). 


Referring to figure 7-1, the trigger shaper 
receives an input trigger from the system's 
synchronizer. As the name implies, the trigger 
is amplified and shaped into a shape trigger 
pulse and fed to the next stage, a cathode fol¬ 
lower. The cathode follower is used to match 
the high output impedance of the trigger shaper 
to the low input impedance of the pulse switch 
stage. The output from the cathode follower is 
applied to the control grid of the pulse switch. 
Before discussing the triggering action, the 
function of the power supply, charging diode, 
and pulse forming network are discussed. 

The power supply furnishes the high voltage 
and supplies the energy which the pulse form¬ 
ing network (PFN) stores for release to the 
transmitter. The PFN, an open end artificial 
transmission line, stores this energy, and de¬ 
termines the width and shape of the pulse to the 
transmitter. The charging diode controls the 
transfer of energy from the power supply to 
the PFN. The use of an inductive charging 
impedance causes the PFN to charge to approx¬ 
imately twice the power supply voltage. It also 
prevents the power supply output from being 
shorted during the pulse time when the switch 
tube conducts. 

The pulse switch, when triggered, acts like 
a closed switch which completes the circuit for 
discharge of the PFN very rapidly through the 
primary of the pulse transformer. The pulse 
transformer matches the impedance of the 
transmitter to the characteristic impedance of 
the PFN, and thus results in maximum power 
transfer. Also by using a step-up transformer 
(from the PFN to the transmitter), a lower 
voltage may be used on the PFN for a given 
pulse voltage to the transmitter. 

The transmitter is a high powered, high 
frequency microwave oscillator. It is designed 
to operate around a predetermined frequency 
and to be fairly stable at this frequency. It 
operates during the pulse period and is then 
shut off for a comparatively long rest period. 
Its power, in the form of high frequency mi¬ 
crowave oscillations, is delivered during the 
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pulse time to the waveguide transmission sys¬ 
tem for delivery to the antenna, where it is 
then propagated into space. 

The duplexer, which consists of an ATR and 
a TR, is used to enable the use of one antenna 
for both the transmit and receive cycle of the 
system. The TR device effectively blocks the 
transmitter’s energy from entering the 
receiver during transmit time-the ATR device 
insures that all reflected energy is directed to 
the receiver during receive time. The actual 
construction and operation of the TR and ATR 
devices were discussed in chapter 6. 

This covers the functional operation of a 
radar transmitter. Prior to the actual circuit 
analysis of a typical aviation fire control radar 
transmitter, it is necessary that you first have 
an understanding of the various transmitter 
components, their uses, construction, and 
theory of operation. The following discussion, 
in conjunction with that found in Basic Electron¬ 
ics, chapters 12, 13, and 15, will prove of great 
aid in your further understanding of radar 
transmitters. 

PULSE FORMING NETWORK 

The type of pulse forming network normally 
found in aviation fire control radar is the equiv¬ 
alent of an open end artificial transmission line. 
The network is charged relatively slowly in the 
time interval between pulses and then dis¬ 
charged suddenly to form the pulse. 

A simplified circuit for producing a rec¬ 
tangular pulse by use of an artificial trans¬ 


mission line is shown in figure 7-2. The 
characteristic impedance of the artificial trans¬ 
mission line is assumed to be 2,500 ohms. 
(Characteristic impedance of transmission lines 
is discussed in chapter 12 of Basic Electronics). 
The resistor R2, across which the output pulse 
is to be developed, is equal to this characteris¬ 
tic impedance. Resistor R-l, through which the 
line is charged, is made much larger than the 
characteristic impedance so that it is an appar¬ 
ent open circuit during the discharge of the 
line. All the capacitors are charged to 600 volts 
if switch S is left open for a sufficient time. 

If the switch is closed after the line has been 
charged, a current immediately starts to flow 
through R2. The line may be considered as a 
battery with an internal impedance of 2,500 
ohms during the discharge time. The equivalent 
circuit of the artificial transmission line during 
discharge is shown in figure 7-3. The voltage 
across R2 is one-half the voltage to which the 
line was charged or 300 volts, since half the 
available voltage is lost across the 2,500-ohm 
internal impedance Z Q . If the network consisted 
only of capacitors, the discharge would follow 
an exponential curve, and the voltage across R2 
would not be constant. However, the inductance 
and capacitance of the line are so designated 
that the discharge rate is practically constant. 

The discharge of the artificial line can be 
explained best as follows: At the instant that 
the switch (fig. 7-2) is closed, the voltage at 
point A falls to 300 volts. This can be looked 
upon as a traveling wave of negative 300 volts 
applied at point A to reduce the voltage there 


ARTIFICIAL TRANSMISSION LINE 
I- 



Figure 7-2. -Simple circuit for producing a pulse from an artificial transmission line. 
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Figure 7-3. -Equivalent circuit of artificial 
transmission line during discharge. 


immediately from 600 to 300 volts. On reaching 
point B, the wave sees an open circuit, since 
resistor R1 is much larger than R2. The wave 
is reflected without change in polarity, and im¬ 
mediately reduces the voltage at point B from 
300 volts to zero as the wave travels back to 
point A. Thus the remaining 300 volts across 
the line is canceled out. On reaching point A, 
the wave has reduced the voltage across sec¬ 
tions to zero, the wave itself disappearing be¬ 
cause it is absorbed by a load which matches 
the characteristic impedance of the line. The 
pulse formed across R2 when the line discharges 
lasts for the time required for the traveling 
wave to move from the switch end of the line to 
the open end and back. 

Figure 7-4 illustrates a pulse forming net¬ 
work whose output pulse width may be varied. 
Switch SI is provided for adding an additional 
section to the artificial transmission line, and 
switch S has been moved to parallel the PFN to 
facilitate discharge. Usually an artificial line is 
constructed to produce a variety of pulse widths 
by the addition of one or more identical sections. 
When the L and C for each section are known, 
the time duration of the square pulse t is cal¬ 
culated as follows: 


t = 2NYLC 

Where N = number of sections 

L = inductance in henries 
C = capacitance in farads 
t = time in seconds 

It should be noted that R2 has been replaced 
by a transformer (Tl) which is used to step up 
the voltage applied to the magnetron. However, 
the impedance of the transformer must match 
the characteristic impedance of the pulse form¬ 
ing network. 
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Figure 7-4. -Variable pulse width PFN. 

As an Aviation Fire Control Technician, 
you will be limited primarily to checking the 
operation of pulse forming networks and re¬ 
placing defective ones. The theory of operation 
just presented may find little application in per¬ 
forming such maintenance, but will be very 
beneficial in understanding the operation of the 
remaining transmitter circuits. Application of 
the pulse forming network is discussed later in 
this chapter. 

MAGNETRON OSCILLATOR 
AS A TRANSMITTER 

A magnetron is used as the transmitting tube 
in almost all pulsed transmitters that operate 
at frequencies above 1,000 MHz. The fact that 
transmit time has little influence on the mag¬ 
netron, whereas it is a limiting factor in the 
operation of conventional tubes, makes this type 
tube desirable for UHF pulses operation. Some 
triodes may be used in transit-time oscillator 
circuits at radar frequencies, but their use is 
limited because of low power output. 

Magnetrons are capable of being operated at 
more than 50 percent efficiency and can produce 
pulsed power outputs at frequencies as high as 
25,000 MHz. The power output of a magnetron 
may exceed 100 kilowatts at 10,000 MHz and 5 
megawatts at 3,000 MHz. 

The magnetron, which is a self-excited os¬ 
cillator, possesses rather poor frequency 
stability as compared with the more stable 
lower frequency oscillators (electron coupled 
or crystal controlled). However, by the use of 
AFC and proper design, the magnetron provides 
adequate stability. The magnetron is a type of 
diode in which a magnetic field is set up per¬ 
pendicular to the electric field existing between 
the cathode and the plate. The magnetic field is 
provided by a permanent magnet. The tube con¬ 
sists of a plate with a cathode placed coaxial 
with it. The tuned circuits in which oscillations 
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take place are the resonant cavities in the plate. 
Basic principles of magnetron construction and 
operation are discussed in Basic Electronics, 
and in Aviation Fire Control Technician 3 and 2 
respectively. 

The magnetron tube is a delicate instrument 
and must be treated as such if satisfactory 
operation is to be obtained. Handle the tube 
carefully, for should it be dropped or should the 
tube elements be moved there is the possibility 
of a plate to cathode short or at least a change 
in spacing of these elements. Either of these 
will cause the tube to operate improperly. The 
magnets, which are made of a special alloy 
called Alnico, are unusually strong. The field 
strength required is dependent upon anode po¬ 
tential and operating frequency. The magnets 
should not be struck with metallic substances 
or any hard material for this will cause them 
to lose magnetism. 

Various types of magnetrons have been de¬ 
signed, but at the present time the most used 
type is the resonant cavity (traveling wave) mag¬ 
netron. This is the only type that will be dis¬ 
cussed in this chapter. The principal component 
parts of a magnetron are shown in schematic 
form in Basic Electronics. The plate structure 
is a solid block of copper in which the resonant 
cavities are cylindrical holes. A narrow slot 
opens each cavity into the central portion of the 
tube and divides the inner plate structure into 
as many segments as there are cavities. Alter¬ 
nate segments are strapped together so that the 
cavities are placed in parallel so far as the out¬ 
put is concerned. This makes it possible to take 
the output from a pickup loop placed inside any 
one of the cavities. Since the outer conductor of 
the output coaxial line is at ground potential and 
connected to the shell of the magnetron, which 
is a part of the plate structure, there cannot be 
a high positive d-c voltage applied to the plate. 
The same result is realized whenever negative 
voltage is applied to the cathode, since it is 
equivalent to driving the plate positive. 

OPERATION OF THE 
MAGNETRON OSCILLATOR 

The theory of operation of the magnetron is 
based on the motion of electrons in combined 
electric and magnetic fields. 

Effect of Magnetic 
Field on Electron Flow 

When no magnetic field exists, heating the 
cathode results in a uniform and direct electron 


movement from the cathode to the plate sur¬ 
rounding it. (See fig. 7-5 (A).) However, as the 
magnetic field surrounding the tube is continu¬ 
ally increased, a single electron is affected as 
shown in figure 7-5 (B), (C), and (D). In (B) the 
magnetic field has increased to a point where 
the electron proceeds to the plate in a curved 
rather than direct path. In(C) the magnetic field 
has reached a value great enough to cause the 
electron to just miss the plate and return to the 
cathode in a circular orbit. This value is the 
critical value of the field strength. In (D) the 
value of the field strength has been increased 
to a point beyond the critical value and the elec¬ 
tron is made to travel to the cathode in a cir¬ 
cular path of smaller diameter. Thus the size 
of the circle or the path that the electron fol¬ 
lows around the cathode for a fixed cathode to 
anode potential will depend upon the strength of 
the magnetic field. Since these paths are de¬ 
termined by both magnetic and electric fields, 
they may be altered by changing the strength of 
either. The strength of these fields is critical 
in that they determine the paths the electrons 
follow. This, in turn, determines the stability 
of osciUation and tube efficiency. Under ideal 
conditions the electron paths are such that when 
curving past the slots of the resonant cavities, 
energy is released to the RF field. 

Principle of Operation 

The principle of operation of a magnetron is 
expressed in the process by which an electron 
acquires energy from the d-c field (existing be¬ 
tween the anode and cathode) and releases it to 
the RF field to build up and sustain oscillations. 
(This happens when the d-c field accelerates 
the electron and causes it to acquire energy 
proportional to electron velocity.) 

The cavity resonators are essentially a 
number of resonant circuits which are all 
coupled together. The RF fields of these reso¬ 
nators may or may not be in phase. This phase 
relationship is determined by the amount of 
coupling between the cavities. Desired coupling 
may be acquired by connecting selected seg¬ 
ments together. This is known as STRAPPING. 

Magnetrons may operate at different modes, 
which is to say that they may resonate at dif¬ 
ferent frequencies. These frequencies are de¬ 
termined by the velocity at which the electrons 
whirl about the anode. A mode of operation that 
produces the greatest power output and effie 
ciency is the at mode. The resonator is said to 
operate in the n mode when the phase difference 
of 180° exists between successive cavities. 
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END VIEW OF MAGNETRON 


Fig. 7-5.-Effect of magnetic field on electron. 
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Figure 7-6.-Electric field distribution in 
a magnetron. 


The electric component of the RF field at a 
given instant may be represented by dotted lines 
as shown in figure 7-6. In this figure, alter¬ 
nate segments are connected or strapped to 
maintain a phase difference of 180° between 
segments (7rmode). The figure can be redrawn 
as a plane electrode magnetron with field dis¬ 
tribution as shown in figure 7-7. If motion of 
the electrons in figure 7-7 is considered, an 
electron at point B is accelerated to the right, 
one at point C is accelerated vertically, and 
one at point D is accelerated to the left. This 
action produces bunching so that bunches of 



electrode magnetron. 

electrons pass the gaps the instant the field 
causes maximum deceleration. The electrons 
yield energy to the RF field and induce strong 
oscillations in the resonant cavity of which the 
gap is a part. 

Since the RF field changes in synchronism 
with the electron motion, the field lines of fig¬ 
ure 7-7 may be considered as a traveling wave 
moving to the right in synchronism with the 
electrons. The bunching mechanism produces a 
spoke shaped cloud of electrons that moves 
around the cathode in synchronism with the 
anode wave, as shown in figure 7-8. 

As electrons are emitted from the cathode, 
they combine with the spoke shaped field and 
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Figure 7-8.-Orbits of electrons of different 
phases in a cavity magnetron. 

simultaneously spiral towards the anode. Ex¬ 
ceptions to this are the electrons that are emit¬ 
ted from the cathode at such time that they 
absorb energy from the RF fields. These will 
be quickly returned to the cathode. When elec¬ 
trons approach the opening of the resonant cav¬ 
ity, they will give energy to the cavity provided 
that the RF voltage across the opening is a de¬ 
celerating field. (This is illustrated in figure 
7-9.) Electrons on the RF negative side of the 



Figure 7-9.-An electron approaching the slot 
of a cavity at a time when it will give up 
energy in the cavity’s RF field. 


anode will be repelled by the approaching elec¬ 
trons. This provides the necessary "kick" to 


the oscillatory action of the cavity and thereby 
oscillation is sustained. As the electrons pass 
each cavity, they are slowed down when some 
of their energy is given up. After a few revo¬ 
lutions their velocity has decreased to the ex¬ 
tent that they no longer continue in orbits but 
are attracted to the anode. 

Modes of Oscillation 

There are various modes of operation of 
a magnetron. They are identified by the letter 
N, which specifies the number of cycles of var¬ 
iation of the field quantities that occur around 
the circumference of a circle surrounding the 
cathode. For each mode of oscillation of a mag¬ 
netron, like those of other cavity resonators, 
there is a particular pattern of field variations. 
In the N equals zero mode, since the fields do 
not enter the anode cavities, the frequency of 
the mode is not controlled by the cavities; thus, 
this is an undesirable mode of operation. With 
the exception of the N equals zero and * modes, 
all modes are degenerative. The degenerative 
modes are in reality a combination of two modes 
that have the same resonant frequency. Due to 
unavoidable unsymmetrical construction of the 
anode segments, the degenerative modes sepa¬ 
rate into two modes of slightly different fre¬ 
quencies. 

Since a slight variation may cause a shift 
from one of these modes of operation to the 
other with a resultant change in output fre¬ 
quency, these modes are highly undesirable. 
Since the rmode of operations (previously de¬ 
scribed) is not degenerative, it is the desired 
mode of operation. 

It is possible in an unstrapped magnetron to 
have an undesirable mode whose frequency may 
differ from the 7rmode frequency by less than 
2 percent. The undesired mode will cause in¬ 
terference with the Trmode of operation with 
isuch a small separation of frequency. With a 
Strapped magnetron it is possible to obtain as 
much as a 10 percent separation and thus elim¬ 
inate the interference. 

ADDITIONAL FEATURES 
OF MAGNETRONS 

The power output of a magnetron is ob¬ 
tained either by a coupling loop, or by a trans- 
former section of waveguide inserted into a 
cavity, as shown in figure 7-10. 

Cathodes of magnetrons usually are oxide- 
coated and indirectly heated surfaces. The 
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pulse currents developed in magnetrons are 
larger than can be produced by thermionic 
emission alone. The large number of electrons 
are developed by secondary emission from the 
cathode as the cathode is back-bombarded by 
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Figure 7-10.-Waveguide output section. 

high velocity electrons which are returned by 
the magnetic field. Metallic cathodes with good 
secondary emission characteristics have been 
used satisfactorily. The cathodes are designed 
with end shields to prevent the escape of elec¬ 
trons from the interaction space between the 
cathode and anode block. The design of anode 
blocks depends on the frequency and power out¬ 
put. 

A type of anode block that can be used un¬ 
strapped is called the RISING SUN because of 
its physical shape. This magnetron, in Trmode 
operation, requires no strapping because its 
irregular shape contributes to stability. 

Magnetrons are difficult to tune. Since the 
resonant circuits are within the vacuum, they 
are inaccessible and mechanical tuning is slow. 
Electronic tuning can be used over a narrow 
frequency range. Mechanical tuning is done by 
movement of a mechanical or magnetic device. 
Ranges of about plus or minus 10 percent of the 
mean frequency can be obtained by mechanical 
tuning methods, two of which are shown in fig¬ 
ure 7-11. In (A), moving tuning rods are inserted 
in each of the resonator cavities in order to 
vary the cavity inductance. These rods are 
made of a nonmagnetic material. When these 
tuning rods are inserted into the cavity, they 
reduce the space available for the magnetic 
flux and thus the inductance is reduced and the 
frequency is increased. In (B), tuning is ac¬ 
complished by varying the capacitance of the 
resonator. This is accomplished by moving a 
U-shaped ring in or out of grooves cut into the 


anode block. When the ring moves into the 
grooves, capacity increases and the frequency 
of the magnetron is decreased. 

Since much of the heating of the cathode is 
obtained by the bombardment of the cathode by 
the electrons returning to it, the filament volt¬ 
age is usually reduced when the high voltage is 
applied. This reduction is accomplished by ad¬ 
ding a tapped filament transformer or a series 
limiting resistor in the circuit. In some equip¬ 
ments the filament voltage i s removed com¬ 
pletely. 

Depending upon the type of magnetron and 
the type of equipment, it is sometimes neces¬ 
sary to season a new magnetron since it may 
not withstand the immediate application of full 
power plate voltage. This is accomplished by 
subjecting the magnetron for a period of a few 
hours to filament voltage only. After this warm¬ 
up period the plate voltage is applied (at low 
power settings if possible) and a check is made 
to determine if the magnetron is arcing. Should 
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Figure 7-11.-Two types of tuning methods. 

arcing be detected, it may be necessary to re¬ 
in ove the plate voltage and again subject the 
magnetron to an additional period of seasoning. 
The Service Instruction Manual will generally 
contain information in connection with this 
phase of maintenance. 

In aviation fire control equipments that use 
a magnetron, the magnetic field is provided by 
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a permanent magnet. Some magnetrons, called 
PACKAGED MAGNETRONS, have built-in mag¬ 
nets. The packaged magnetron is finding wide 
use at the present time. 

Theoretically, if the magnetic field of the 
magnetron is reversed, there should be no 
change in magnetron operation. This may not 
always be true since the construction of the 
magnetron may not be perfectly symmetrical. 
Thus, after removing a magnet, it is important 
that it be replaced in its original position. Gen¬ 
erally the polarity of a magnet is indicated and 
this may be used as an aid in maintenance. The 
magnet should never be removed when the mag¬ 
netron is operating since this will cause the 
electrons to strike the anode at high velocity 
and cause excessive heating. With no magnetic 
field there is nothing to limit magnetron current. 

MULTICAVITY KLYSTRONS 

The velocity modulated tube (klystron) theory 
of operation, as used in radar receivers, is 
discussed in chapter 12 of Aviation Fire Con¬ 
trol Technician 3 and 2 and in chapter 9 of this 
manual. The following is a discussion of multi¬ 
cavity klystrons used as power amplifiers and 
as mixers. A brief explanation of the two-cavity 
klystron and a detailed explanation of the three 
cavity klystron are given. In addition, this type 
of power amplifier is compared with the con¬ 
ventional magnetron. It will be seen that the 
three-cavity klystron, like the two-cavity type, 
possesses a cathode for emission of electrons, 
an input cavity, a drift tube, an output cavity, 
and a collector that is positive with respect to 
the cathode. The three-cavity klystron differs 
in the addition of a third cavity in the drift tube, 
in size, and in gain. 

TWO-CAVITY KLYSTRON 

Figure 7-12 shows the construction and es¬ 
sential components of a two cavity klystron. In 
this klystron the indirectly heated cathode emits 
electrons that are focused into a sharp beam by 
the control grid, which is at a low positive po¬ 
tential. The beam is then accelerated by a very 
high, positive d-c potential on grids G2 and G3, 
which are very close together and connected to 
a cavity resonator. Superimposed on this d-c 
potential is an a-c voltage that changes the ac¬ 
celeration of the various electrons differently. 
Those electrons that reach grids G2 and G3 at 
a time when the a-c voltage is zero will be ac- 
celerated either more or less than normal, 
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Figure 7-12.-Two-cavity klystron. 

depending upon whether the a-c voltage is going 
positive or going negative at the time they reach 
the grids. 

Grids G2 and G3 are called buncher grids 
because the electrons, which have been accel¬ 
erated differently, travel at different velocities 
through the drift space and will bunch at some 
point. If these bunches of electrons arrive at 
grid 4 and grid 5 and are there decelerated, 
they deliver energy to the cavity resonator 
connected to these grids. Since the function of 
grids 4 and 5 is to absorb, or catch, the energy 
contained in these bunches, they are called 
catcher grids. Electrons that continue through 
the catcher grid hit the collector plate and are 
returned to the cathode through an external 
circuit. 

The bunching action that occurs in the kly- 
stron is illustrated by the diagram in figure 
7-13. In it the lines all start at the top of the 
diagram at the buncher grids; they represent 
the paths of the various electrons in their travel 
through the drift space. The a-c voltage wave¬ 
shape at the top represents the a-c component 
of the voltage on the buncher grids; the hori¬ 
zontal axis represents time. The lines are 
therefore tilted to the right in their passage 
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Figure 7-13.-Two-cavity bunching action. 
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from buncher to catcher grids. The difference 
in the slope of the various lines as they leave 
the buncher grids represents the different ve¬ 
locities of the electrons, which are due to the 
different accelerations imparted to these elec¬ 
trons by the a-c component of the voltage on the 
buncher grids. Note that the electrons which 
arrive at the buncher grids between times t Q 

and t^ form a bunch at the catcher grids. There 

is only one bunch of electrons in each cycle; 
hence, the frequency of bunches arriving at the 
catcher grids is the same as the input frequency. 

For the klystron to function most efficiently, 
the drift space should not be too long. If the 
distance between catcher and buncher grids is 
made too great, the bunches disappear or tend 
to merge, thus making the beam no longer 
usable. There is a certain spacing that gives 


best results with given d-c and a-c voltages. 
Since the spacing (drift space) is fixed in a tube, 
the voltages must be accurately adjusted for 
the tube to function properly. Also, the reso¬ 
nant circuit of t h e catchers must be tuned to 
the correct frequency. The strength and phase 
of the oscillation must be such as to absorb 
maximum energy from the electron bunches. 


The a.c., which is superimposed upon the 
d. c. applied to the buncher grids, may be ap¬ 
plied through the input terminal and then by a 
coupling loop to the buncher cavity. The output 
may be taken from the catcher with a coupling 
loop through the output terminal. The klystron 
power amplifier may be used in pulse operation 
by applying in pulses the d-c voltage, the RF 
voltage, or both. 


145 


Digitized by Google 




AVIATION FIRE CONTROL TECHNICIAN 1 & C 


THREE-CAVITY KLYSTRON 

In this type, the cathode is heated by an 
a-c operated heater. The heater and cathode 
assemblies, with leads brought out at the base 
of the tube, are insulated from the entrance to 
the drift tube by a glass insulating sleeve. The 
input cavity is located close to the drift tube 
entrance. The middle cavity is located farther 
along the drift tube, and the output cavity is at 
the other end of the drift tube. The collector is 
beyond the output cavity. The entire drift tube 
assembly, the three cavities, and the collector 
are at ground potential. This eliminates haz¬ 
ards and complications involved in tuning the 
cavities, and in liquid cooling of the body and 
the collector. With the drift tube assembly at 
ground potential, the cathode is pulsed with a 
negative voltage to accelerate electrons from 
the cathode toward the drift tube entrance. The 
negative pulse is supplied from a pulse forming 
network and is stepped up to the desired value 
by a pulse transformer. 

In high power klystrons the amplitude of the 
cathode pulse is measured in hundreds of kilo¬ 
volts, and the peak current flowing for the du¬ 
ration of the pulse is measured in hundreds of 
amperes. The high values of accelerating volt¬ 
ages produce dangerous amounts of X-ray ra¬ 
diations, particularly around the collector, 
where most of the electrons strike. To protect 
maintenance personnel from harmful radiation 
effects, the entire klystron is housed in a heavy 
lead shield. Because of the great current den¬ 
sity and the distance of electron travel, elec¬ 
tromagnetic focusing is used to control the 
electron stream. 

For a desired RF power output, a certain 
amount of d-c power must be available. If a 
peak RF output of 1 megawatt is desired, with 
an expected efficiency of 33 percent, a peak d-c 
power input of 3 megawatts is required. The 
d-c input power is the product of beam voltage 
and current. The same amount of power can be 
supplied at high voltage and low current or at 
low voltage and high current. There is a prac¬ 
tical limit to the maximum pulse voltages that 
can be generated consistently at the PRFs 
common in modern radar systems. On the other 
hand, an electron beam of very great density is 
difficult to control and produces severe focus¬ 
ing problems. The beam voltage and current 
values used are therefore a compromise be¬ 
tween high beam voltage and currfent density. 

The relation between beam voltage and beam 
current determines the characteristics of the 


cathode. The cathode characteristic which is of 
chief importance is PERVEANCE. This is the 
ratio of cathode current to the beam voltage 
raised to the three-halves power. It is a meas¬ 
ure of the ability of the cathode to emit electrons 
at various beam voltages, and is determined by 
the emitting material of the cathode, the cath¬ 
ode area, and the operating temperature. 

The impedance presented to the pulse trans¬ 
former secondary by the klystron during con¬ 
duction is equal to the ratio of beam voltage to 
beam current. Since this ratio is determined 
by the perveance of the cathode, the perveance 
determines the impedance reflected through the 
pulse transformer to the pulse forming network 
supplying the cathode pulses. 

Current flows in the pulsed klystron for the 
duration of the cathode pulse. Between pulses 
no potential difference exists between the cath¬ 
ode and the drift tube entrance and, therefore, 
no current flows. The remaining discussion will 
apply only to the period of conduction, or during 
the cathode pulse time. When the cathode is 
pulsed negatively, electrons are accelerated 
toward the drift tube entrance. The total ac¬ 
celeration given to the electrons by the cathode 
to drift tube potential resulting from the nega¬ 
tive cathode pulse, occurs while the electrons 
are in transit between the cathode and the drift 
tube. Figure 7-14 (A) presents an approximate 
picture of the electric field lines (shown dotted) 
existing between the cathode and the drift tube 
entrance. 

The electric field lines do not extend into 
the drift tube for any appreciable distance. With 
only the electric field present, the electrons 
would tend to follow the field lines. Under this 
condition, the electrons would travel from the 
cathode to the drift tube entrance, and the en¬ 
ergy imparted to the electrons by the cathode 
pulse would be dissipated at the drift tube en¬ 
trance as heat generated by electron bombard- 
ment of the metal surface. To avoid this, a 
magnetic focusing system is employed to divert 
the electron stream into the drift tube. Such a 
field must be symmetrical about the drift tube 
axis. A few lines of such a field (solid lines) 
are shown superimposed on the electric field 
lines of figure 7-14 (A). The focusing action at 
the drift tube entrance can be seen by referring 
to figure 7-14 (B). This figure shows a cross 
section of a magnetic field, which is symmetri¬ 
cal about the drift tube axis. The path of a 
single electron under the influence of the elec¬ 
tric field alone is shown as a heavy solid line. 

At point A in figure 7-14 (B), where the 
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Figure 7-14.-Convergence of electron stream of entrance of drift tube in klystron. 


electron path intersects a magnetic field line, 
the line is resolved into its components. One 
component (axial component) is seen to be par¬ 
allel to the direction of the electron path and 
another (radial component) is at right angles to 
the electron path. The radial component force 
causes the electron to rotate out of the plane of 
the figure, around the axis of the drift tube. 
This tangential force causes the electron path 
to become helical as it approaches the drift tube 
entrance. At the drift tube entrance the mag¬ 
netic field intensity is much greater than that 
at the cathode, causing the spiral of the elec¬ 
tron path to become tighter about the drift tube 


axis. Also, at the drift tube entrance, the mag¬ 
netic field lines are almost entirely axial. 

The tangential component of the electron 
velocity in the presence of the axial field causes 
the electron to be accelerated radially inward. 
The electron path as viewed from the cathode 
end of the drift tube is shown in figure 7-14 (C). 
The greater the initial distance (perpendicular) 
of the individual electrons from the drift tube 
axis, the greater the forces tending to direct 
the electrons toward the drift tube axis. Elec¬ 
trons released from the cathode at or near the 
drift tube axis experience relatively slight ef¬ 
fects of the magnetic focusing field and travel 


147 


Digitized by Google 





AVIATION FIRE CONTROL TECHNICIAN 1 & C 


an almost straight line path from the cathode 
to the drift tube entrance. The overall effect of 
the magnetic field is to force electrons emitted 
from the cathode into the drift tube, thus 
keeping to a minimum the number striking the 
metal surrounding the drift tube entrance. 

Once the electrons enter the drift tube, they 
are no longer under the accelerating effects of 
the cathode to drift tube potential, and they 
coast, or drift, at constant speed until they en¬ 
counter the fields across the gaps of the three 
resonant cavities arranged along the length of 
the drift tube. The axial field produced by the 
entire focus coil assembly extends the length of 
the drift tube. The electrons within the drift 
tube travel parallel to the axial magnetic field. 
Whenever, for any reason, an electron is de¬ 
flected from the axial path, a radial component 
of velocity is introduced that causes the elec- 
t r o n to spiral about the axial magnetic lines. 
It is impossible to provide the degree of focus¬ 
ing required to prevent all electrons from 
striking the walls of the drift tube. By proper 
adjustment of the magnetic field, however, it 
is possible to hold the number to a practical 
minimum. 

Current produced by electrons striking the 
drift tube walls is referred to as body current. 
A high body current is undesirable since it in¬ 
dicates that a large number of electrons are 
giving up energy as heat in collisions along the 
drift tube walls rather than contributing energy 
to the RF output cavity. Several factors influ¬ 
ence the amount of body current produced. The 
most important is the focusing adjustments. 
Another is the interaction of electrons in a 
dense electron stream. Since all electrons are 
negatively charged, they tend to repel each other; 
this produces beam spreading and subsequent 
collisions along the drift tube walls. Another 
effect is also produced by the concentration of 
negative charge within an electron stream. 

Electrons along the outer edges of the 
stream see a concentration of negative charge 
at the center of the stream (corresponding to the 
drift tube axis). The drift tube walls, being at 
ground potential, appear positive with respect to 
the concentrated charge along the axis of the 
tube. The fringe electrons are, therefore, ac¬ 
celerated toward the drift tube walls because of 
this apparent potential difference between the 
center of the drift tube and the walls. 

As previously stated, electron behavior is 
influenced by the cavity gap voltages once the 
electrons have entered the drift tube. Cavities 
of the gridless type are used because of the un¬ 


usually great electron velocities produced by the 
high beam voltage. The edges of the cavity gaps 
are flush with the drift tube wall to avoid inter¬ 
cepting electrons in the beam. 

Cavity resonator construction for klystron 
tubes is of two primary types. One type is built 
into the tube and is evacuated as part of the 
tube structure. Tuning of this type of cavity is 
performed by some type of bellows driving me¬ 
chanism that alters the physical size of the 
cavity. Another type of cavity is mounted ex¬ 
ternally to the evacuated tube section. The por¬ 
tion of the drift tube comprising the resonant 
cavity gap is a cylinder of ceramic or other low 
loss insulating material. The tuned cavity can 
be removed from the drift tube in such an as¬ 
sembly. 

The chief factor in cavity gap spacing is 
electron transit time. The ideal condition is 
zero transit time but, of course, this is not pos¬ 
sible at the desired operating frequencies. 
There is a finite time interval involved in the 
passage of electrons across the gap of the res¬ 
onator. The time required for passage is de¬ 
termined by the initial electron velocity upon 
entering the gap and upon the width of the gap. 
The operating frequency determines the passage 
time required in terms of a complete RF cycle. 
If the width of the gap is made very small to 
reduce transit time, the cavity impedance is 
lowered, since this is equivalent to increasing 
the capacitance of a tuned parallel resonant 
circuit. Also, if the gap is made very small, 
possibility of a breakdown across the gap exists, 
because of the large RF voltages developed. 

In addition, with a small gap there is heavy 
loading of the cavity. This is a result of sec¬ 
ondary electrons, emitted around the cavity gap, 
being driven across the gap by the RF potentials 
across the gap. Movement of these electrons 
under the influence of the RF field across the 
gap is an energy drain on the cavity and per¬ 
forms no useful function. This waste of energy 
is reflected as a reduced Q of the cavity with 
associated losses in power. A cavity gap that 
produces a transit time of a quarter cycle or 
slightly more at the operating frequency pro¬ 
vides satisfactory beam coupling, and at the 
same time, avoids the undesirable effects of 
too small a gap spacing. 

The drift tube diameter is also a compro¬ 
mise. While a small diameter gives a high de¬ 
gree of coupling between the cavities and the 
electron beam, it complicates the focusing 
problem. A large tube diameter simplifies the 
focusing problem but reduces beam coupling. 
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However, the diameter of the drift tube must be 
less than the cutoff dimension at the operating 
frequency. This is necessary to avoid standing 
waves along the drift tube. The drift tube 
diameter is, therefore, a compromise value 
that gives satisfactory beam coupling to the 
cavity gaps and at the same time permits prac¬ 
tical focusing of the beam. 

The output of any klystron (regardless of the 
number of cavities employed) is developed by 
velocity modulation of an electron beam. Veloc¬ 
ity modulation, in turn, produces electron 
bunching. The bunching process is a result of 
the velocity modulation, and is a function of the 
time required for electrons to travel the dis¬ 
tance from the input cavity to the output cavity. 
The electrons that are initially accelerated by 
the beam voltage (considered to be d. c. for the 
duration of the cathode pulse) are acted upon by 
RF fields developed across the input and mid¬ 
dle klystron cavities. 

Some electrons are accelerated, some are 
decelerated, while others are unaffected, de¬ 
pending on the amplitude and polarity of the 
cavity RF voltages when the electrons cross the 
cavity gaps. For the interval during which the 
electrons travel from one cavity to the next, 
the accelerated electrons tend to overtake the 
decelerated ones, thus causing the formation of 
groups, or bunches, of electrons. As a result, 
bunches of electrons arrive at the output cavity 
at the proper instant of each RF cycle to deliver 
energy to the output cavity. Transit time is 
thus seen to be a necessity rather than a hind¬ 
rance to the klystron operation. 

Bunching 

The bunching process is best explained by 
reference to figure 7-15, a diagram of the 
bunching process in a three-cavity klystron. 
The vertical axis represents the distance meas¬ 
ured along the drift tube. The horizontal axis 
represents time measured either in millimicro¬ 
seconds or in degrees of an RF cycle. The di- 
agonal lines are electron paths plotted as a 
function of time and of distance along the tube. 

The slope of a line is proportional to the 
velocity of the electron whose path is described 
by that particular line. The steeper the slope, 
the greater the electron velocity. Between the 
cathode and the first cavity the electrons emit¬ 
ted from the cathode receive equal accelera¬ 
tions and therefore travel at equal velocities. 
All electrons entering the input cavity gap thus 
have equal slopes. 


A sinusoidally varying RF field exists 
across the first (input cavity) gap as a result of 
the signal input supplied from an external RF 
source. The input cavity is resonated at the in¬ 
put frequency. The effects of the RF voltage 
across the input cavity gap on individual elec¬ 
trons depend upon the instantaneous magnitude 
and polarity of the RF gap voltage. The word 
"instantaneous" implies that the transit time is 
zero. As previously explained, this is not true, 
since an appreciable portion of an RF cycle 
(over one quarter) elapses during the electron 
transit across the gap. More correctly, the 
average magnitude and polarity of the RF cycle 
during the electron transit must be considered. 

An electron, designated as electron 1 in fig¬ 
ure 7-15, crosses the input cavity gap when the 
potential is zero. The velocity of electron 1 is 
unaffected by the input gap voltage and there is 
no change in its velocity. This is shown by no 
change in the slope of the line describing the 
path of electron 1. Electron 3 crosses the input 
cavity gap when the RF voltage is maximum in 
a negative direction. This electron is deceler¬ 
ated during its passage through the gap and 
emerges from the gap traveling at a reduced 
velocity. This is indicated by a decrease in the 
slope of line 3 beyond the input cavity. 

Electron 5, like electron 1, passes through 
the gap when the RF signal is zero and there¬ 
fore emerges with no change in velocity. Elec¬ 
tron 7 crosses the input gap when the RF volt¬ 
age is maximum in a positive direction. This 
electron is accelerated during its transit through 
the input gap and emerges from the gap at in¬ 
creased velocity. This is indicated by an in¬ 
crease in the slope of line 7 beyond the input 
cavity gap. Electrons 2 and 4 cross the input 
gap when the RF voltage is negative and are de¬ 
celerated by an amount proportional to the am¬ 
plitude of the RF voltage. Electrons 6 and 8 
cross the input gap when the voltage is positive 
and are accelerated by an amount proportional 
to the amplitude of the RF voltage. 

When the electrons pass the input cavity 
gap, they enter the drift tube section between 
the first and second cavities. In this region 
there are no d-c or RF fields and the electrons 
travel at whatever velocities they acquired as 
a result of the combined effects of the beam 
voltage (cathode pulse) and the RF voltage 
across the input cavity gap. In passing through 
the first gap, electrons emitted from the cath¬ 
ode at successive intervals are accelerated or 
decelerated as explained above. This process 
is called velocity modulation. In the drift tube 
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section, between cavities one and two, the ve¬ 
locity modulation produces density modulation 
of the beam. 

Electron 3 leaves the cathode earlier than 
electron 5. Initially, both have the same veloc¬ 
ity. Since electron 3 is decelerated in passing 
through the input cavity gap and electron 5 is 
unaffected, electron 5 will overtake electron 3 
if the two drift for a time in a space where no 
fields are present. Electron 7 is emitted from 
the cathode at a later time interval than elec¬ 
tron 5, but both have the same initial velocity. 
Electron 5 is unaffected by the RF voltage 
across the input cavity gap, but electron 7 is 
accelerated. Therefore, electron 7 will even¬ 
tually overtake electron 5 if they travel undis¬ 
turbed for a sufficient time. The overall effect 
is that electrons crossing the input cavity gap 
before and after electron 5 tend to converge on, 
or group around, electron 5. This is slightly 
evident at the middle cavity. 

Velocity modulation of the d-c beam by the 
input cavity does not produce serious loading of 


the input cavity. The fact that a d-c beam is 
being velocity modulated means that the number 
of electrons crossing the input cavity gap when 
the RF voltage across the gap is negative is 
equal to the number crossing the gap when the 
RF voltage across the gap is positive. If elec¬ 
trons cross the cavity gap when the RF voltage 
across it is negative, energy is supplied to the 
cavity by the electrons, because in slowing 
down, the electrons give up kinetic energy to 
the gap. If the electrons cross the cavity gap 
when the RF voltage across it is positive, 
energy is supplied to the electrons from the 
cavity, since the electrons are accelerated. 
The RF input to the first cavity, therefore, is 
of sufficient magnitude to overcome the inherent 
losses in the cavity in maintaining the desired 
RF voltage across the cavity gap. 

Only a small degree of density modulation 
(bunching) occurs within the electron beam in 
the interval of travel from the input cavity to 
the middle cavity. The amount is very small 
compared to the degree of bunching required at 
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the output cavity. The amount of density modu¬ 
lation is sufficient, however, to excite the mid¬ 
dle cavity and, because of the high Q of this 
cavity, to maintain a large oscillatory voltage 
across it. The voltage thus produced across the 
middle cavity gap is much larger than that 
across the input gap. This voltage is responsi¬ 
ble for most of the velocity modulation, and 
subsequent density modulation, produced within 
the klystron. 

There is a negligible net transfer of energy 
from the beam to the middle cavity, or from 
the cavity to the beam. The amount of energy 
coupled to the cavity from the beam is the 
small amount necessary to overcome the cavity 
losses in maintaining the oscillatory RF voltage 
across the gap. The degree of density modula¬ 
tion present in the electron stream at the mid¬ 
dle cavity, as a result of the velocity modula¬ 
tion at the input cavity, is so slight compared 
to that required at the output cavity that it can 
be considered as d. c. for practical purposes. 
Therefore, the net energy delivered to, or taken 
from, the electron beam is quite small, as ex¬ 
plained for the input cavity. 

The large voltage across the middle cavity 
gap produces a much larger degree of velocity 
modulation than that of the input cavity. This 
is evident in the diagram of figure 7-15 by 
sharper changes in the slopes of the electron 
paths crossing the middle cavity. Electrons 1 
and 5 again cross the gap when the RF voltage 
is zero, and continue with no change in velocity. 
Electrons 2, 3, and 4 cross the gap when the 
RF voltage is negative and are slowed down, 
as shown in a decrease in slope of lines 2, 3, 
and 4. Electrons 6, 7, and 8 cross the gap when 
the RF voltage is positive and are accelerated, 
as shown by increases in the slopes. 

After the electrons cross the middle cavity 
gap, they once more drift in the field region 
between the middle cavity and the output cavity. 
The bunching process continues in this region, 
but at a more rapid rate than that between the 
input cavity and the middle cavity because of 
the greater degree of velocity modulation im¬ 
parted to the beam by the middle cavity. The 
effect of velocity modulation is shown at the 
output cavity. Electrons 3, 4, 5, 6, and 7 are 
bunched and cross the output cavity gap when 
the gap voltage is maximum negative. Under 
this condition, maximum energy transfer from 
the electrons to the output cavity occurs. 

The energy given up by the electrons is the 
kinetic energy of high velocity, imparted to the 
electrons by the beam voltage (cathode pulse). 


Giving up this energy produces a decrease in 
velocity as shown by the sharp changes in slopes 
at the output cavity. Electrons 2 and 8 do not re¬ 
ceive sufficient velocity modulation to cause them 
to bunch with the others. Electron 1, having 
traveled unaffected through the input and middle 
cavities, reaches the output cavity when the RF 
voltage across it is maximum positive. The 
voltage imparts to the electron a sharp acceler¬ 
ation. This is shown by the sharp increase in 
slope. This acceleration of electron 1 repre¬ 
sents a load on the cavity, since energy from 
the cavity is required to accelerate the electron. 

Optimum bunching reduces the number of 
such electrons to a minimum. The bunching 
process pictured in figure 7-15 is ideal, par¬ 
ticularly at the output cavity, as the bunched 
electrons are shown arriving at the output cav¬ 
ity, at the same instant. This is not true in 
practice. The passage of an electron bunch at 
the output cavity occurs over a period covering 
a considerable portion of a half cycle. Also, the 
history of only eight electrons is discussed. 
Actually, billions of electrons are emitted from 
the cathode during the time interval between the 
emission of electrons 1 and 8. The effects of 
mutual repulsion produced by such a dense 
electron stream make it impossible to approach, 
in practice, the degree of bunching shown in 
figure 7-15. 

Since it has been stated that the bunching 
process is a function of time, it would appear 
that if an electron beam is velocity modulated 
by a small RF voltage and the electrons are 
permitted to drift for a sufficiently long time, 
the desired degree of bunching could be obtained 
with a minimum of input power. The defocusing 
effects previously discussed prevent this, how¬ 
ever. The debunching effects of a dense elec¬ 
tron stream would spread the beam in the drift 
space after a short time interval. The drift 
time is therefore limited to a time interval 
corresponding to only a few RF cycles, and in¬ 
put power is adjusted to produce the desired 
bunching in this time interval. 

The three-cavity klystron is the equivalent 
of a pair of two-cavity klystrons in cascade, 
and is referred to as a cascaded amplifier klys¬ 
tron. The three-cavity klystron is more 
efficient than a pair of two-cavity klystrons in 
cascade, since the middle cavity replaces the 
output cavity of one pair and the input cavity of 
the other. In this way cavity losses are cut in 
half and the further division of power produced 
is avoided. (A maximum of 50 percent effi¬ 
ciency is realized when a matched source and 
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load are coupled.) Another advantage is the 
simplified circuitry involved. There are only 
three timed circuits instead of four; one electron 
beam is used, and power supply provisions are 
also simplified. 

To summarize, the mechanics of bunching 
with a klystron cause the output power to be 
critically dependent on input power. For a given 
frequency, drift tube length, and beam voltage, 
there is only one value of input power that gives 
maximum output if all three cavities are tuned 
for maximum gain. The degree of bunching 
achieved in a given drift tube space depends on 
the amount of velocity modulation imparted to 
the beam electrons while crossing the gaps of 
the input and middle cavities. The velocity 
modulation depends on the amount of RF volt¬ 
age appearing across the input and middle cav¬ 
ity gaps. 

The greater the voltage developed across 
the input cavity gap, the greater the velocity 
modulation produced at this gap and the greater 
the degree of density modulation produced at 
the interval of electron travel from the input 
cavity to the middle cavity. The excitation of 
the middle cavity depends on the amount of den¬ 
sity modulation in the beam arriving from the 
first cavity. The greater the density modula¬ 
tion seen at the middle cavity gap, therefore, 
the greater the RF voltage developed across the 
middle cavity gap, and the greater the velocity 
modulation imparted to the beam. If the input 
power is at the optimum value, the maximum 
bunching point will occur at the output cavity 
gap. 

If the input power is too low, there is insuf¬ 
ficient velocity modulation of the beam, and 
maximum bunching will occur slightly later, or 
at a point beyond the output cavity gap. If there 
is too much input power, too large a degree of 
velocity modulation is produced, and maximum 
bunching occurs before the velocity modulated 
electrons reach the output cavity. The amount 
of bunching at the output cavity determines the 
power delivered to the cavity from the electron 
beam. Either of these conditions, overdriving 
or underdriving the input cavity, produces max¬ 
imum bunching in the klystron at some point 
along the drift tube other than the output cavity 
gap with a resulting decrease in output power. 
A curve of klystron power output versus power 
input is shown in figure 7-16. 

PERFORMANCE 

Another consideration is expressed in the 
curves of figure 7-16. The power output of a 


three-cavity klystron can be increased beyond 
that corresponding to maximum gain (all three 
cavities tuned to the same frequency). The 
bunches of electrons arriving at the output cav¬ 
ity contain components contributed by velocity 
modulation produced both at the input cavity and 
at the middle cavity. With all three cavities 
tuned to the same frequency, the bunched cur¬ 
rent contributed by velocity modulation at the 
input gap is not ideally phased with respect to 
the velocity modulation contributed by the mid¬ 
dle cavity f 2 ; therefore, the bunching compo¬ 
nents of the input cavity do not add with those of 
the middle cavity to produce optimum bunching 
at the output cavity. This is shown by the curve 
labeled Af 2 = 0 MHz. 

By detuning the middle cavity (Af 2 = 1 MHz), 

the components contributed by the input cavity 
are phased more advantageously with respect 
to those contributed by the middle cavity, and 
the bunching at the output cavity is increased. 
When the second cavity is detuned (Af 2 = 2 MHz) 

to further change the phase of the RF voltage 
across it with respect to that across the input 
cavity, the amount of density modulation re¬ 
quired to maintain a given RF voltage across 
the middle cavity gap is increased. Since the 
density modulation appearing at the middle cav¬ 
ity is a result of the velocity modulation con¬ 
tributed by the input gap, the power supplied to 
the input gap must be increased to supply the 
required increase in velocity modulation. Fur¬ 
ther detuning of the second cavity (Af 2 = 3 MHz) 

results in a further increase in output power, 
provided that the input power is increased to 
the new required value. 

The curves of figure 7-16 show the results 
obtained with various amounts of detuning of the 
middle cavity. Notice that the increase in out¬ 
put power is not proportional to the increase in 
input power required to maximize the output 
for a particular degree of middle cavity detun¬ 
ing. Increases in output power obtained by de¬ 
tuning the middle cavity and increasing the in¬ 
put power are obtained at a sacrifice of gain. 
At the higher power outputs obtained by detuning 
the middle cavity, the output curve is much 
broader, and the klystron output is less criti¬ 
cally dependent on variations of input power. 

The final major consideration in power klys¬ 
tron performance is the shape of the cathode 
voltage pulse. The amplitude of the pulse de¬ 
termines the transit time of the electrons from 
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Figure 7-16. -Graph of klystron input versus output power. 


AQ. 88 


the cathode to the collector. Any change in 
pulse amplitude affects the electron transit 
time. This, in turn, affects the points of oc¬ 
currence of maximum electron bunching in the 
region of the output cavity. If the RF input to 
the klystron is constant and the cathode pulse 
amplitude varies over the duration of the pulse, 
the points of occurrence of maximum bunching 
will vary with pulse amplitude. This results in 
phase shift of the RF signal output with respect 
to the input during the cathode pulse. 


Since the transit time from the input cavity 
to the output cavity is usually equal to the time 
of several RF cycles, a small percentage phase 
shift may still be undesirably large. Any phase 
shift is undesirable in a moving target indicator 
system, which yields information based on 
pulse to pulse phase comparisons. Phase shift 
of the RF output must therefore be held to a 
value that will not limit the moving target res¬ 
olution possible in the cancellation system em¬ 
ployed in the equipment. Thus the cathode volt¬ 
age pulse must be flat topped. 


KLYSTRON VERSUS MAGNETRON 

The advantages of the klystron as compared 
to tbe magnetron are many. First of all, phys¬ 
ical considerations are simplified. In the mag¬ 
netron, the cathode and the anodes are included 
in the frequency determining system and are a 
compromise between desired power output and 
required size. In the klystron, the cathode and 
collector are external to the frequency deter¬ 
mining fields and can be designed independ- 
ently of the RF section to handle the desired 
power. Cooling methods are simplified, since 
most of the heat generation occurs in the col¬ 
lector and can be dissipated by a cooling system 
without consideration of the RF portion of the 
tube. Figure 7-17 illustrates a three-cavity 
klystron. 

From the standpoint of electrical perform¬ 
ance, the klystron again excels. The magnetron 
is a power oscillator and is the frequency de¬ 
termining element of the radar system. Its 
frequency stability is dependent on the combina¬ 
tion of a magnetic and an electric field, either 
of which is subject to variations over short 
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Figure 7-17. -Three-cavity klystron. 


periods of time. In a moving target indicator 
(MTI) system, the stable local oscillator is 
continuously varied by an AFC system to track 
with the magnetron. A lock (transmitter) pulse 
is supplied to the coherent oscillator at the be¬ 
ginning of each output pulse to provide a ref¬ 
erence phase for the echo returns. 

The pulse to pulse frequency of the magne¬ 
tron is subject to considerable variation for 
which the AFC system cannot compensate in- 
staneously. As a result, pulse to pulse phase 
differences occur because of magnetron fre¬ 
quency changes; these changes limit fixed tar¬ 
get cancellation. The klystron, on the other 
hand, is simply a power amplifier and has no 
influence on the frequency determining system. 
A reference oscillator (stable local oscillator) 
is maintained at an almost constant frequency 
and is effectively isolated from the output stage 


by intermediate amplifiers. The reference os¬ 
cillator output which is the input to the klystron 
amplifier is mixed with the coherent oscillator 
output to produce the desired output frequency. 

Because the frequency determining oscil¬ 
lators operate at a low level, both can be made 
extremely stable and the pulse to pulse fre- 
quency variations are almost negligible. No 
AFC is needed in such a system and the pulse 
to pulse phase variations of the transmitter 
output stages are limited by providing a modu¬ 
lator pulse having a suitably flat topped por¬ 
tion. The fixed target cancellation of an asso¬ 
ciated MTI system is considerably improved by 
the low pulse to pulse phase variations, and the 
radar transmitter is no longer considered the 
limiting factor in the MTI performance of a 
radar system. 

The disadvantages of the klystron are chiefly 
the circuit complexities of the transmitter. A 
series of amplifiers are inserted between the 
frequency determining oscillators and the pow¬ 
er amplifier klystron. These stages must be 
individually tuned when the operating frequency 
is changed. Most of these stages are pulsed, 
and synchronizing problems arise. Power sup¬ 
ply requirements are also increased. The bulk 
of the equipment required in a high power klys¬ 
tron radar system limits the mobility of such a 
system, and the radar installation employing 
klystrons is either a fixed station or one of 
limited mobility. Regardless of the disadvan¬ 
tages, the klystron system complexity and bulk 
are justified in that they insure consistent MTI 
performance which excels that possible with 
magnetrons. 
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Figure 7-18.-Simplified klystron mixer circuit. 
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KLYSTRON MIXER TUBE 

Another utilization of the multicavity klys¬ 
tron, other than a power amplifier, is that of a 
mixer. The klystron is used as a mixer tube 
primarily when the power amplifier klystron is 
used in the transmitting system. The mixer is 
used to mix the stable local oscillator signal 
and the coherent oscillator signal to produce the 
transmitter frequency. A typical klystron mixer 
circuit is shown in figure 7-18 and is referred 
to as the synchrodyne tube. 

The synchrodyne tube mixes the coherent 
oscillator output with the stable local oscillator 
output to produce pulsed energy of the proper 
frequency for application to the first cavity of 
the power output klystron in the transmitter. 
The synchrodyne tube is a three-cavity, low 
power klystron. The mixing procedure occurs 
in the flow of electrons in the drift tube from 
the cathode to the collector. Tuning of the cav¬ 
ities is accomplished by three tuning knobs 
(one for each cavity) which determine the res¬ 
onant frequency of each cavity. These tuning 
knobs are accessible from the top of the tube. 

The drive pulses applied to the cathode are 
negative; they are remodulated by the pulses of 
coherent oscillator energy fed into modulation 
transformer T1 by driver tube VI. The drive 
pulse applied to the cathode causes beam current 
to flow for the entire period. But the RF energy 
is applied for only a period during the drive 
pulse, and the mixing process is in operation 
during this time. The output of the stable local 
oscillator is applied to the first cavity of the 
synchrodyne tube continuously. The second and 
third (output) cavities of the synchrodyne tube 
klystron are so tuned that they are resonant 
only to a frequency that is the difference be¬ 
tween the stable local oscillator and coherent 
oscillator frequencies. Accordingly, the syn- 
chrodyne has an output only during the intervals 
when the coherent oscillator pulses are applied 
to the synchrodyne tube’s klystron cathode. 

The mixing process is accomplished in the 
density modulated electron beam in the syn¬ 
chrodyne. The beam is modulated by the co¬ 
herent oscillator energy and the first cavity is 
tuned to the frequency of the stable local oscil¬ 
lator. The second and third cavities are tuned 
to the difference between the coherent oscilla¬ 
tor and the stable local oscillator frequencies. 
The collector of the synchrodyne tube is 
grounded since the beam voltage is applied as a 
negative pulse on the cathode. Figure 7-19 
illustrates how the synchrodyne is used as a 


mixer tube in conjunction with an intermediate 
stage. 

POWER SUPPLY 

The high voltage power supply is not classi¬ 
fied as an RF component. However, it is a 
necessary component in the radar transmitter's 
operation. There are various types and circuits 
arrangements in use in present day aviation 
fire control radar transmitters. The high volt¬ 
age power supply illustrated in figure 7-20 is a 
simplified schematic diagram of the pulse form¬ 
ing network high voltage power supply circuit. 
It is a typical high voltage power supply and 
does not pertain to any particular equipment, 
but with a thorough understanding of its opera¬ 
tion the technician should have little trouble in 
analyzing other types found in the various fire 
control radar equipments. 

The pulse forming network high voltage 
power supply may be located in the transmitter 
unit proper or in a separate unit of the radar 
set known as a modulator. In sets utilizing a 
modulator many of the power supplies neces¬ 
sary for proper operation of the complete radar 
set are contained in this unit. This includes the 
regulated and unregulated low voltage supplies, 
the indicator high voltage supply, and the pulse 
forming network high voltage supply. 

The pulse forming network high voltage 
power supply illustrated in figure 7-20 is a volt¬ 
age doubling circuit whose output voltage is 
used to charge the pulse forming network, which 
in turn fires the magnetron. 

VI and V2 are rectifier tubes connected as 
a voltage doubler circuit. Cl and C2 are the 
voltage doubler capacitors across which the 
output doubled voltage is obtained. R66 through 
R75 are tied across the output and serve as 
bleeder resistors. The solenoid of K1 tied be¬ 
tween the plate and ground of V2 is an overload 
relay. K1 is connected so as to break one of 
the a-c input leads to the primary of the high 
voltage transformer, T2, if a temporary over¬ 
load or a short circuit occurs in any circuit fed 
by the power supply. It can be seen, from fig¬ 
ure 7-20, that if for some reason the current 
through the solenoid of K1 increases to the 
point where it will energize, the shorting bar of 
K1 will break the connection between contacts 
1 and 2, opening one line of the input a. c. to 
T2. R3 is a relay coil shunt resistor, a pro¬ 
tective device used to limit the current through 
the relay coil and protect the relay. T2 is the 
high voltage transformer for the voltage doubler 
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circuit. The turns ratio of T2 is approximately 
1:17. 5 and its secondary is tied in to complete 
the voltage doubler circuit. Pin No. 2 of the 
primary of T2 is tied back through the contact 
of K1 and S4 to the arm of the variable auto¬ 
transformer TF6 and pin No. 1 is directly tied 
back to one side of the 115-volt a-c input. 

S4 is a safety switch to provide protection 
to personnel handling the unit housing the power 
supply (modulator). This switch springs open 
when the cover to the unit is removed and 
opens the variable autotransformer brush cir¬ 
cuit, breaking one side of the input to T2. 

TF6 is a variable autotransformer used as 
a means of controlling the magnetron current. 
TF6 is usually mounted separately from the 
rest of the power supply and is the Hi-Lo mag¬ 
netron current adjustment made by the operator 
to obtain the rated value of magnetron current 
as indicated by the magnetron current meter on 


the control unit. One side of this transformer 
is tied directly to one side of the input a. c. 
(common). The other side is connected to a 
taped autotransformer, T5, through relay K2, 
or K2 and K3, depending on the power required 
on the magnetron. 

It can be seen that by varying the contact 
arm of TF6, the amplitude of the a. c. to the 
primary of T2 will vary. This in turn will de¬ 
termine the amount of voltage supplied to the 
PFN. The amount of charge on the PFN will 
determine how much current is passed by the 
magnetron. The technician should bear in mind 
that the meter on the control unit is connected 
into the magnetron cathode circuit when the 
meter selector switch is on MagCur position 
and is a direct reading of magnetron current. 

Relays K2 and K3 may be referred to as a 
"coarse” control of the high voltage output and 
used to vary the power out of the magnetron 
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when changing the range of operation of the 
equipment. On short range, less power is 
needed; therefore less charge is needed on the 
PFN to drive the magnetron. 

The variable arm of TF6 gives a "fine" con¬ 
trol over the high voltage output for setting the 
rated magnetron current. 

The tapped autotransformer, T5, will have 
115 volts a. c. across it after a set time delay. 
This time delay is to enable the other circuit 
elements to reach operating condition prior to 
applying the high voltage. It should be remem¬ 
bered that the power supply circuits discussed 
are typical and may differ with various equip¬ 
ments. 


TRANSMITTER CIRCUIT ANALYSIS 

In the previous sections of this chapter the 
functional operation of a typical radar trans¬ 
mitter, the various RF components, and the re¬ 
quired high voltage power supply were dis¬ 
cussed. The following discussion will show the 
circuit tie-in and relation of these components 
to make up a typical aviation fire control radar 
transmitting system. 

OPERATION 

Refer to figure 7-21, a simplified schematic 
of the trigger shaper, cathode follower, and 
transmitter pulse circuits. 
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VI, the trigger shaper, (a blocking oscilla¬ 
tor), is maintained inoperative (cut off) by the 
fixed bias from the voltage divider in its cath¬ 
ode circuit, (R2 and R3). The, positive input 
pulse from the synchronizer overcomes this 
fixed bias and trigger the blocking oscillator, 
VI, into conduction. The blocking oscillator 
produces a single output pulse which is fed to 
the cathode follower V2. The output of V2, 
taken from the cathode, is coupled to the grid 
of V3, the pulse switch tube. (The series coil, 
LI, is used as an isolating inductance for V2 
during the period of time when V3 is ionized.) 

Prior to the trigger on V3's control grid, 
the switch tube, a thyratron, is de-ionized and 
nonconducting because the PFN voltage is of 
insufficient amplitude to cause conduction. Even 
with zero bias, V3 requires a positive input 
pulse on the control grid to fire and start 
conduction. 

During this de-ionized (cutoff) period, the 
PFN (Zl) is charged to approximately twice the 
output voltage of the high voltage power supply. 
This may be explained as follows: The charg¬ 
ing diode, V4, with a high positive voltage on 
its plate, will conduct and draw electrons off 
the top plates of the capacitors in the PFN. The 
resultant current flow through L3 develops a 
strong magnetic field around the coil. The 
power supply will continue to charge Zl until 
the voltage of the PFN is equal to the voltage 
on the diode’s plate. 

When current flow tends to cease, the field 
around L3 collapses keeping current flowing in 
the same direction and removing additional 
electrons from the top plates of the capacitors 
in the PFN. The inductor L3 is sufficiently 
large to raise the charge on the PFN to almost 

twice the E,. of the diode. Since V4’s cathode 
bb 

is more positive than its plate, the PFN will 
remain at this increased voltage until triggered. 
This method of charging a PFN is normally 
called d-c resonance charging with a diode, and 
is most frequently used in present aviation fire 
control radar sets. 

With the PFN thus charged, the effect of the 
input trigger to V3, the switch tube, maybe 
analyzed. The positive trigger on the control 
grid of V3 is sufficient to fire the thyratron. 
With the thyratron conducting heavily, the PFN 
is effectively connected across the primary of 
the pulse transformer. The PFN voltage acts 
as the source of attraction for current through 
the pulse switch tube, which will remain ionized 
until removal of its plate voltage. The PFN 


may now discharge, pulsing the magnetron for 
a period of time determined by the PFN. When 
the PFN is completely discharged, V3 will 
again de-ionize and the PFN is free to re¬ 
charge. 

The state of charge on the PFN at the end of 
pulse time is dependent upon the relationship of 
the discharge circuit impedance to the charac¬ 
teristic impedance of the PFN. To completely 
discharge the PFN the discharge circuit im¬ 
pedance must equal the characteristic imped¬ 
ance of the PFN. If the discharge circuit 
impedance (which is primarily that offered by 
T3) is not equal to the characteristic imped¬ 
ance of the PFN, a reversed charge on the PFN 
may result. This reversed voltage on Zl (PFN) 
at the end of pulse time can cause Zl to be 
charged to a higher voltage than twice the 
power supply voltage. Subsequent pulses would 
increase the reversed voltage and Zl would be 
charged higher with each additional pulse. The 
effects would be accumulative tintil breakdown 
of components due to higher voltage would oc¬ 
cur. This possibility of high reverse voltage 
and component breakdown is eliminated in the 
circuit illustrated in figure 7-21 by the action 
of V5, the inverse diode, and Kl, a heat sensi¬ 
tive relay. If a mismatch occurred and re¬ 
versed voltage tended to build up in Zl, V5 
would conduct, allowing removal of the reversed 
PFN charge through R6 and the heater winding 
of the thermal relay, Kl, to ground. The cur¬ 
rent through the heater winding of Kl would be 
high enough to cause the bimetal strip to bend 
away from the ground contact, operating a pro¬ 
tective relay. This relay opens the primary 
circuit of the high voltage power transformer, 
thus protecting the transmitter components 
from a possible high voltage breakdown. 

The purpose of L2 in the circuit is to isolate 
V3 from the power supply during pulse time. 

The amplitude of the output pulse to the 
transmitter oscillator (magnetron) is controlled 
by the turns ratio of T3, the pulse transformer. 
The voltage across the primary of T3 is usually 
one-half the charge on the PFN at pulse time as 
the impedance offered by T3’s primary is equal 
to the characteristic impedance of Zl. There¬ 
fore, at pulse time one-half of Zl's charge is 
applied across the primary impedance of T3, 
the other half appearing across the character- 
istic impedance of the PFN. This pulse is 
stepped up across T3 and applied to the cathode 
circuit of the magnetron, driving the magnetron 
into operation as previously discussed. The 
high powered output RF energy is coupled into 
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the waveguide in the form of RF pulses whose 
duration is controlled by the PFN. Their am¬ 
plitude is controlled by the setting of the auto¬ 
transformer in the high voltage power supply. 

The pulses of high powered RF energy are 
propagated through the waveguide into the du- 
plexer assembly illustrated in figure 7-22. 

The TR tube and the ATR tube are placed so 
that the tubes ionize and the spark gaps arc 
over during transmit time, and thus reflect a 
short at the walls of the main waveguide. This 
causes the waveguide to appear continuous to 
the transmitted pulse and allows the transfer of 
maximum energy from the transmitter to the 
antenna. 

The purpose of t h e keep-alive voltage and 
TR and ATR tubes was discussed previously 
and serves the same purpose in the duplexer 
assembly illustrated in figure 7-22. 

A small portion of the transmitted energy is 
taken from the main waveguide by the AFC 
(automatic frequency control) cavity and used 
by the AFC circuits to maintain a constant IF 
(intermediate frequency) during the receive 
cycle. The purpose and the operation of the 
AFC circuits are covered in chapter 9 of this 
manual, entitled Radar Receivers. 

The circuits and components discussed are 
typical of the ones found throughout aviation 
fire control radar transmitters. The technician 
should bear in mind that no particular system 
was discussed; but a thorough understanding of 
the material covered will greatly aid in under¬ 
standing the various radar transmitters he may 
be required to maintain. 


MICROWAVE SINGLE-SIDEBAND 
TECHNIQUES 

The AN/APA-127 and -128 equipments use 
a magic-T as a source of a pseudo Doppler 
signal. In this application, it is actually used 
as a single-sideband generator or a frequency 
translator; that is, it translates a signal up the 
spectrum by the amount of the modulating sig¬ 
nal frequency. In this way, the frequency of a 
microwave signal can be apparently changed 
over a reasonable range by changing the mod¬ 
ulating frequency. 

The following discussion describes the the¬ 
ory, using vector relationships, of a standard 
tube type single-sideband generator and, from 
that, develops the theory of operation of micro- 
wave single-sideband generators. 


BALANCED MODULATOR 

A balanced modulator can take the form of 
a class C tuned amplifier. (See fig. 7-23.) The 
RF carrier signal is fed to the grids of VI and 
V2 in a push-pull manner (180° out of phase) 
while, at the same time, the audio modulating 
signals at each grid are in phase. The plates 
are connected in parallel to a common load 
impedance. 
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Figure 7-22. -Duplexer assembly 
(transmit cycle). 
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Figure 7-23. -Balanced modulator. 

If the circuit is balanced and no modulation 
is applied, it is apparent that there will be no 
output. The carrier voltage developed at the 
plate of each tube cancels that developed at the 
other. When modulation is applied, however, 
each tube acts as a grid modulated class C am¬ 
plifier; and there is a resultant voltage output. 
The carrier signals still cancel, but the phase 
of the sideband signals is such that they rein¬ 
force each other. 

The signal and vector relationships are 
shown in figure 7-24. The sum of the three 
vectors C^ a , and U^ a represents the volt¬ 
age at the plate of V1 while the audio modulat¬ 
ing voltage cycle is passing through the 30° 
point. Other vector diagrams in figure 7-24 
illustrate conditions at the plates of VI and V2 
and at the output, when the audio modulating 
voltage cycle is passing through 90°, 180°, and 
300° points. 

The C vectors appear to be fixed because 
the carrier frequency is used as the reference. 
However, the upper and lower sideband vectors, 
U and L, appear to rotate. The upper sideband 
frequency is higher than the carrier; conse¬ 
quently, the U vectors are constantly gaining in 
phase angle (rotating counterclockwise). The 
lower frequency L vectors are constantly losing 
in phase angle and, therefore, appear to rotate 
clockwise. The angular rate of both the U and L 

vectors is equal to 2 ir F because both side- 

m 

bands differ in frequency from the carrier fre¬ 
quency by an amount equal to the modulating 
frequency F^. 


It is apparent in figure 7-24 that the angle 
between the U and C vectors is always equal to 
the angle between the L and C vectors. There¬ 
fore, vectorial addition of the U and L vectors 
always results in an M vector that is parallel 
to the C vector. The length and polarity of the 
M vector will depend upon the positions of U 
and L. If U and L are in the upper semicircle 
part of their rotation, the M vector will point 
toward the top of the page. If U and L are in the 
lower semicircle part of their rotation, the M 
vector will point toward the bottom of the page. 
The M vector does not appear to rotate; there¬ 
fore, it is of the same frequency as the C 
vector. 

It should also be noted that the amplitude 
and polarity of the M vector correspond to the 
amplitude and polarity of the modulating signal. 
This is illustrated by vectors M la , M^, and 

M ld in figure 7-24. There is no M lc vector 

because, at that instant (180° on the audio cycle), 
upper and lower sideband signals are 180° out 
of phase. 

When the M and C vectors associated with 
the plate of V1 are added vectorially, their sum 
represents an RF signal whose amplitude varies 
at an audio rate (amplitude modulated). Notice 
that the Cg a vector is 180° out of phase with 

the C la vector, while the M ga vector is in phase 

with the M. vector. This occurs because the 
la 

grids of VI and V2 are modulated by the same 
audio voltage. Vectorially adding the C and M 
vectors associated with the plate of V2 also re¬ 
sults in an RF signal whose amplitude varies at 
an audio rate (AM). 

The balanced modulator output signal re¬ 
sults from adding all of the vectors associated 
with the plate ofVI to all of the vectors associ¬ 
ated with the plate of V2. It is apparent that the 
C vectors cancel. The U vectors are always in 
phase and therefore add directly. The L vectors 
also add directly. The result is two sideband 
signals, U and L. Since the vectors remain 
referenced to the carrier frequency, the U vec¬ 
tors continue to rotate counterclockwise and 
the L vectors continue to rotate clockwise. The 
double-sideband suppressed carrier output RF 
signal results from vectorially adding the out¬ 
put U and L vectors. As seen in figure 7-24, it 
reaches a peak at the 90° and 270° points on the 
audio cycle and undergoes a phase reversal at 
the 0° and 180° points. 
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Figure 7-24. -Balanced modulator signal and vector relationships. 
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SINGLE-SIDEBAND GENERATORS 

A typical single-sideband generator (fig. 7- 
25) uses two balanced modulator circuits. The 
phases of the carriers and sidebands are ad¬ 
justed so that the carriers and one sideband 
cancel. The remaining sideband is reinforced. 



AQ. 97 

Figure 7-25. -A typical phasing method of 
generating single sideband. 

The RF phase shifter causes the carrier in¬ 
put to modulator B to lag the carrier input to 
modulator A by 90°. Consequently, the carrier 
output of the modulator B will lag the carrier 
output of modulator A by 90° as shown in figure 
7-26. The vectors present at the plates of VI 
and V2 are shown in figure 7-26 as modulator 
A output vectors. Modulator B output vectors 
are those present at the plates of V3 and V4. 

The audio modulating frequency and, conse¬ 
quently, the sideband vectors, are also phase 
shifted 90°. In figure 7-26, the U and L vectors 
have all been retarded 90°. To aid in explaining 

how this was done, dotted vectors U and L 
’ x x 

were drawn as they would have appeared if the 
modulating voltage had not been phase shifted. 
The direction of rotation of each sideband vec¬ 
tor must be considered when determining the 
90° lag. Hence, U 3a lags U x by 90° and L 3a 

lags L by 90°. 

A 

The output of modulator A is vectorially 
added to the output of modulator B in a common 
output impedance. It is apparent from figure 
7-26 that all C vectors and all U vectors will 
cancel, but all L vectors will add together. The 
resultant output voltage will be a single 
frequency-the lower sideband. Of course, it 
will still appear to rotate clockwise, since the 
reference is the carrier frequency. 

The upper sideband can be obtained by re¬ 
versing the phase of either the carrier inputs 
or the modulation inputs. Figure 7-27 shows 
the signal and vector relationships with the 
audio modulation input phases to the two modu¬ 


lators reversed. The carriers still cancel; but 
the upper sidebands now add together and the 
lower sidebands cancel. 

Magic-T Type 

A microwave equivalent in the form of a 
magic-T type single-sideband generator is 
shown in figure 7-28. The magic-T, which is a 
combination H-plane and E-plane junction, is 
also discussed in chapter 6 of this manual. The 
RF carrier enters the magic-T through the H 
arm. At the junction, the energy divides evenly: 
half of the energy goes down each arm toward a 
crystal. (No energy can pr opa gate directly 
from the input H arm to the output E arm.) Arm 
No. 2 is 1/8 wavelength longer than arm No. 1; 
consequently, the carrier wave arriving at 
crystal No. 2 will lag, by 45°, the carrier wave 
arriving at crystal No. 1. 

Theoretically, the crystal diodes are so 
matched to the waveguide arm that they will 
absorb all of the carrier energy when there is 
no modulation applied to them. This is, theoret¬ 
ically, how cancellation of the carrier is 
achieved. 

When modulation is applied, the impedance 
of the diodes will be changed; neither of the 
diodes will be a perfect match. Therefore, a 
portion of the energy traveling down each arm 
will go past the diode and be reflected from the 
short circuit at the end of the arm. This is 
actually amplitude modulation. After being re¬ 
flected, the energy goes back up each arm to 
the junction. 

The reflected AM wave traveling up arm 
No. 2 to the junction must go an additional 1/8 
wavelength farther than the reflected AM wave 
traveling up arm No. 1. Therefore, their car¬ 
riers would be 90° out of phase because of the 
total 1/4 wavelength difference in the length of 
the path traveled. In addition, the sidebands 
will be shifted 90° because the modulating sig¬ 
nals applied to the diodes are 90° out of phase. 
Consequently, the sideband vectors of the sig¬ 
nals reflected from arm No. 1 and arm No. 2, 
shown in figure 7-29, are in exactly the same 
relationship as the sideband vectors (fig. 7-26) 
at the output of balanced modulators A and B. 

Keep in mind that figure 7-29 is the theoret¬ 
ical case where the carrier was eliminated due 
to the characteristics of the diodes. Also, in 
order to have an output on the E arm, the re¬ 
flected signals arriving at the junction from 
arms Nos. 1 and 2 must be 180° out of phase. 
In other words, a difference in potential must 
be developed across the E arm causing the 
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Figure 7-26. -Single-sideband generator signal and vector relationships. 
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Figure 7-27. -Single-sideband generator signal and vector relationships. (Modulation 
signal connections are reversed in relation to figure 7-26.) 
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Figure 7-28. -Magic-T type single sideband generator. 
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lower sideband to be blocked and the upper side¬ 
band to become the output. 

In a more practical case, shown in figure 
7-30, the carrier is not entirely eliminated by 
the diodes. To determine how much of the car¬ 
rier will go out the E arm in this example, the 
carrier vectors are broken down into their x 
and y components. Since x components are 180° 
out of phase, they will add and pass out the E 
arm along the upper sideband. 

Actually, although it is not shown in figure 
7-30, a little of the lower sideband will also 
pass out the E arm because the path lengths are 
not perfect. 

Ring Type 

Another microwave equivalent in the form 
of a ring type single-sideband generator is 
shown in figure 7-31. This type is used in the 


AN/APN-120 electronic altimeter. In that ap¬ 
plication it is called a frequency translator. 

Refer to figure 7-31 and examine the dimen¬ 
sions of the ring. Energy fed into the ring on 
arm No. 2 will divide equally between arms 
No. 1 and No. 3. No energy can go directly out 
the output arm No. 4 because energy arriving 
at that junction directly from the input, via the 
two paths, will be 180° out of phase. Similarly, 
energy reflected from arm No. 1 can divide be¬ 
tween input arm No. 2 and output arm No. 4 but 
cannot enter arm No. 3. Also, energy reflected 
from arm No. 3 can divide between input arm 
No. 2 and output arm No. 4 but cannot enter arm 
No. 1. 

Consider a case where no modulation is 
applied to the crystals, and energy is fed into 
the ring at arm No. 2. Due to the distances 
traveled, energy arriving at output arm No. 4 
(which has reflected from the crystal inarm 
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Figure 7-29. -Magic-T type single-sideband generator. Theoretical signal 

and vector relationships. 
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Figure 7-30. -Magic-T type single-sideband generator. More practical signal 

and vector relationships. 
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No. 1) will lag, by 90°, the energy reflected 
from the crystal in arm No. 3; that is, energy 
arriving at arm No. 4 via arm No. 1 has 
traveled 1/4 wavelength farther. Theoretically, 
when no modulation is applied to the crystals, 
all energy should be absorbed by the crystals 
because they provide a perfect impedance 
match and no energy would be reflected from 
arms Nos. 1 and 3. Actually, however, some 
carrier energy is reflected. (In fact, vector 
orientation will be more easily understood if 
this fact is recognized.) Therefore, the carrier 
vector for energy arriving at arm No. 4 via 
arm No. 3 would be oriented exactly as vectors 
Cia, C^, C lc , and C^ in figure 7-27. The 

carrier vector for energy arriving at arm No. 
4 via arm No. 1 would be oriented exactly as 

™f 7 ors C 3 a’ C 3b- C 3c’ and C 3d in £lgure 

A change in the crystal bias, produced by 
applying modulation to the crystal, changes the 
reflection coefficient of the crystal and causes 
the reflected signal to be amplitude modulated. 
Since the modulating signal applied to the crys¬ 
tal in arm No. 3 lags (by 90°) the modulating 
signal applied to the crystal in arm No. 1, the 
upper and lower sideband vectors arriving at 
the output arm No. 4 via arm No. 3 will be 


oriented exactly as the sideband vectors at the 
end of C la , C lb , C lc , and C ld in figure 7-27. 

Also, the upper and lower sideband vectors 
arriving at the output arm No. 4 via arm No. 1 
will be oriented exactly as the sideband vectors 
at the end of C« , C„, , C„ , and C„, in 
figure 7-27. 6b 6c M 

Disregarding all carrier vectors which point 
toward the bottom of the page (and their associ¬ 
ated sideband vectors) in figure 7-27, it is ob¬ 
vious that all lower sideband vectors will be 
180° out of phase and will cancel; and all upper 
sideband vectors will be in phase and add. A 
portion of the carrier vectors which were not 
eliminated by the crystal characteristics will 
also add. The carrier frequency is actually 
suppressed a little more than 20 db. 

MAINTENANCE 

The maintenance of aviation fire control 
transmitters as applied to intermediate and or¬ 
ganizational maintenance activities maybe 
broken down into shop, hangar, and line main¬ 
tenance and component repair. 

Complete maintenance and service instruc¬ 
tions as applicable to the above levels of main¬ 
tenance are covered in the appropriate sections 
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of the aircraft Maintenance Instructions Man¬ 
uals. Some equipments may also have additional 
Service Instruction Manuals for the particular 
equipment. 

LINE AND HANGAR 
MAINTENANCE 

Troubleshooting and repair at the line and 
hangar maintenance levels are limited to lpcal- 
ization of trouble to a defective component, 
control, or associated aircraft wiring of the set. 
Operational and end to end tests are made using 
the appropriate test equipment. Alinement pro¬ 
cedures may be included with the operational 
testing procedures to conserve time. Removal 
and installation procedures are given with a 
list of special tools needed. 

SHOP MAINTENANCE 

After. the line/hangar maintenance crew has 
isolated the trouble to a defective major com¬ 
ponent, it is turned in to supply and a new com¬ 
ponent is received. Supply, in turn, sends the 
defective component to the intermediate level 
maintenance activity for screening and/or re¬ 
pair. During shop maintenance, the component 
is repaired and then returned to the supply sys¬ 
tem for reissue. 

Component Repair 

Component repair is defined as all mainte¬ 
nance procedures that are performed on a com¬ 
ponent after removal from the aircraft. Compo¬ 
nent failure may result from one or a combina¬ 
tion of electrical or mechanical troubles. Any 
systematic approach to analyzing component 
failures has for a main objective the isolation 
of the trouble to a faulty module as quickly and 
as accurately as possible. To expedite the iso¬ 
lation of trouble, the maintenance man takes 
advantage of any knowledge he may have ob¬ 
tained from previous experience, trouble ana¬ 
lysis reports, or recurring malfunctions. He 
also used, to greatest advantage, any informa¬ 
tion he can obtain quickly from a preliminary 
visual inspection of the troublesome component. 

PRELIMINARY INSPECTION. - The prelim¬ 
inary inspection of a defective component is 
essentially a visual inspection. It includes in¬ 
specting for loose modules, broken connections, 
loose and broken pins, loose tubes, cracked 
cabinets, discolored parts, and cabinet wiring. 


Maintenance Instructions Manuals list in 
tabular form the items to be inspected and the 
desired condition of the items. The preliminary 
inspection is always performed before using the 
test equipment. 

TROUBLE ANALYSIS PROCEDURES. - The 
component trouble analysis procedures are 
based on a set of tables which include intuitive 
type data based on trouble analysis reports, 
chronic malfunctions, and technician experi¬ 
ence. A table is provided for each component of 
the system. The tables list the symptom, prob¬ 
able cause, and corrective action. 

PULSE EXPANSION AND COMPRESSION 

Within the past few years, an amazing and 
powerful radar technique called pulse compres¬ 
sion (nicknamed "Chirp Radar") has been in¬ 
corporated in all types of radars. Pulse com¬ 
pression is possibly the most significant new 
advance in radar techniques in many years. It 
can improve a radar's performance by a factor 
of possibly several hundred. There appears to 
be no limit in sight to its possibilities. It is 
finding use in long range search, missile con¬ 
trol, fire control, weather observation, aircraft 
traffic control, mapping radars, and many 
more. Frequently, computers are used to dis¬ 
play the returned target information using stan¬ 
dard target symbols rather than displaying con¬ 
ventional video on a PPI type indicator. These 
symbols depict target position, size, type air¬ 
craft, and movement of the target. Generally, 
the radar is computer controlled. 

ADVANTAGES 

Some of the advantages which are discussed 
in this section are extended range with im¬ 
proved range resolution, height finding capa¬ 
bilities, immunity from ECM jamming, and an 
increased signal-to-noise ratio. 

Extended Ranges 

One important factor in any radar's maxi¬ 
mum range is the envelope power. Envelope 
power is found by multiplying the pulse width 
times the peak power. A typical search radar 
has a pulse width of 2 /zsec and a peak power of 
2. 5 megawatts. This will produce an envelope 
power of 5 watts/sec. A typical pulse compres¬ 
sion radar will have a pulse width of 10 \i sec 
and peak power of 1 megawatt which will pro¬ 
duce an envelope power of 10 watts/sec. Since 
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range is partially determined by the transmitter, 
this will give us the possibility of an increased 
range over the conventional pulse radar. 

Improved Range Resolution 

Range resolution i s the minimum distance 
which two targets must be separated to appear 
as two separate displays on a scope. This sep¬ 
aration is largely determined by the pulse width 
of the echo being returned to the receiver. In 
our typical conventional radar with a 2-nsec 
pulse width, range resolution would be 1,000 
feet. In the pulse compression radar, the 10- 
nsec returned pulse is compressed to 0.1-^sec 
before being applied to the receiver. Therefore, 
the range resolution is 0. 1 x 500 or 50 feet. 
This improved range resolution is accomplished 
without affecting maximum range because the 
envelope power is not changed. 

Height Finding Capabilities 

The theory employed by pulse compression 
to determine height is based on the ability of 
the radar to receive multiple path returns from 
a single target. With sufficient power, receiver 
sensitivity, and range resolution, the system 
can distinguish between three echo returns. 
(See fig. 17-32.) By measuring the time difer- 
ence of the three returns and comparing the al¬ 
titude of the radar transmitter, the computer 
can determine the target altitude. Only the 
pulse compression radar has both the power 
and range resolution necessary for this type of 
altitude determination. 

ECM Deception 

The pulse compression radar depends on the 
phase and frequency characteristics of the 
transmitted pulse to determine whether or not 



to accept a returned signal. If the phase and 
frequency do not match the transmitted pulse, 
compression will not take place and the signal 
will not pass through the receiver. 

Signal-to-Noise Ratio 

Due to the response of the matched filter 
to the definite phase and frequency character¬ 
istic of the transmitted signal, and the attenua¬ 
tion of other signals, the pulse actually applied 
to the receiver has a signal content much higher 
than its content of random noise. The signal-to- 
noise ratio of the system will be improved by a 
factor equal to the compression ratio over con¬ 
ventional radar. 

Target Velocity 

Target velocity can be rapidly determined 
by the use of a computer and sideband inver¬ 
sion. If a signal receives up Doppler, after 
sideband inversion the shift will appear as 
down Doppler. By shifting the local oscillator 
frequency above and below the returned echo on 
alternate pulses, the Doppler can be changed 
from up to down alternately with each trans¬ 
mitted pulse. This will produce a shift equal to 
twice the normal Doppler shift and will make it 
possible to determine target velocity in a time 
equal to two PRT. This principle could be easily 
incorporated. Sideband inversion is explained 
in detail later in this discussion. 

PULSE EXPANSION 

The pulse expansion operation will utilize a 
0.1- nsec pulse and expand it to 1- nsec. Then 
stagger delay (frequency) the 1-^sec pulses to 
form a 10- nsec chain of pulses for transmis- 
sion. The overall operation is to generate a 
0.1- n sec pulse and, after expansion, transmit 
a 10 -n sec pulse. 

Spectrum Generation 

RF energy is generated by a Coherent Mas¬ 
ter Oscillator (COMO) which is gated with a 
square wave of the desired time duration. For 
discussion purposes we will use a COMO with a 
center frequency of 100 MHz which is gated for 
0.1- nsec at a PRF of 300 Hz. When this pulse 
is produced, it contains not only the basic fre¬ 
quency, but also many other frequencies within 
a spectrum as illustrated in figure 7-33. While 
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Figure 7-33. -COMO output. 


the difference between each frequency is de¬ 
termined by the PRF, the pulse width deter¬ 
mines the bandwidth and therefore the number 
of frequencies within the spectrum is controlled 
by both PRF and pulse width. 

In figure 7-33 the frequency which has the 
largest amplitude is the resonant frequency of 
the signal source by means of which this spec¬ 
trum was created. Numerous other frequencies 

result on either side of f . Those above f will 

o o 

be f plus one PRF, f plus 2 PRF’s, etc. At 
o o 

this rate, numerous different frequencies are 
present, each 300 Hz apart, and each smaller 
is amplitude as these frequencies approach the 
upper bandwidth limit. 

Those below f will be f minus one PRF, 
o o 

minus 2 PRF’s, etc. At this rate numerous dif¬ 
ferent frequencies would be present, each one 
lower in frequency by 300 Hz, and each one 
lower in amplitude as the lower bandwidth lim¬ 
ited is approached. 

Since the COMO is gated for 0.1-fisec of 
time, the COMO will generate a spectrum with 
bandwidth of 20 megahertz. Bandwidth is de¬ 
termined by dividing the pulse width into 2. 
NOTE: In order to receive and to reproduce 
satisfactorily rectangular pulses equal in am¬ 
plitude to the noise voltage, the receiver 
bandwidth in hertz should be approximately 
2, divided by the pulse width in seconds. 
Therefore, a 0.1- /isec pulse width will gener¬ 
ate a 20-megahertz spectrum bandwidth. Be¬ 
cause each different frequency between the 
bandwidth is 300 Hz apart, over a 20-megahertz 
bandwidth, there are 66,666 different frequen¬ 
cies contained in this frequency spectrum. 


Matched Filters 

For this discussion our matched filter will 
consist of 10 channels. Each channel will have 
one or more amplifiers (one of which must be 
tuned) and a delay line as shown in figure 7-34. 
Each channel has individual gain and frequency 
controls with a bandwidth of 1 MHz. The am¬ 
plifiers are tuned to successive frequencies 
1 MHz apart so that their response curves over¬ 
lap at their half power points as shown in figure 
7-35. The entire filter band pass will be 10 MHz 
from the center of the above described spec¬ 
trum. The filter will now respond to 33,333 
difference frequencies with each channel re¬ 
sponding to 3, 333 different frequencies. The 10 
sections with their respective delay lines are 
connected with parallel inputs and all outputs 
connected to a summing amplifier to produce a 
single output. 

The entire frequency spectrum bandwidth 
(20MHz) is applied to the input of each of the 10 
channels through the delay line (all except 
channel 1 which has no delay line). 

Each of the 10 channels is tuned so as to 
cover only a small part of the total frequency 
spectrum. Since there are only 10 channels, 
each with a bandwidth of 1 megahertz, only one- 
half of the overall spectrum is covered. There¬ 
fore, one-half of the spectrum is not passed 
through the matched filter because it is not 
within the half power points of any of the 10 
channels. 

This is necessary because the amplitude of 

the different frequencies is too great between 

the maximum and minimum. If the frequencies 

outside of the channel spectrum half power points 

are rejected, the amplitude difference between 

f and f, or f 0 is now only 3 db. This allows 
o 1 i 

the gain of the channels to be within practical 
limits. 

As was previously determined, thenumerous 
different frequencies within the entire spectrum 
bandwidth were separated from each other by 
300 Hz, and since the overall bandwidth was 20 
MHz, there were 66,666 different frequencies. 
The matched filter is tuned to react to only half 
of the overall bandwidth, so the filter will re¬ 
ceive only 33, 333 different frequencies. This 
is in turn covered in 10 different steps by the 
10 filters, so each individual filter will receive 
only 3, 333 different frequencies. For ease of 
explanation, only 3,300 frequencies will be used 
in the remainder of this chapter. 
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Figure 7-34. -Matched filter assembly block diagram. 


AQ. 106 


EFFECT OFA TUNED AMPLIFIER ON FRE¬ 
QUENCIES WITHIN ITS BANDWIDTH. -In a par¬ 
alleled resonant tank circuit the voltage and 
current are in phase at f Q . At frequencies be¬ 
low f the circuit appears inductive, X ,and 

O Li 

voltage leads the current. The farther below f Q 

the frequency is, the more inductive the tank 
appears, and the greater lead voltage has over 
current. At fp the voltage leads the current 

a maximum usable amount. 

To frequencies above f Q , the circuit will 

appear capacitive by the amount that the frequen¬ 
cies differ from f Q . At f 2 , the current leads 
the voltage by the maximum usable a mount. 
Since each tank circuit in the matched filter 
has a bandwidth of 1 megahertz, and receives 
3, 300 different frequencies, approximately 
1, 650 of them will be above f 0 , and 1,650 
will be below f 0 . To those above, 
the tank will appear capacitive. To those 


below, it will appear inductive. To the one fre¬ 
quency at f the tank circuit appears purely re¬ 
sistive. 

The tuned amplifier is so designed that signal 
voltages are coupled out rather than signal cur¬ 
rent. To determine which signal voltages will 
be developed by the tank, first a reference must 
be used. This reference is the voltage and cur¬ 
rent which occur at f of the tank, and which are 

in phase because the tank is resistive. 

The 1,650 frequencies, both above and be¬ 
low f Q , are applied to the tank circuit (tuned 

amplifier) at the same time. The voltage at the 
frequency f^ of the tank will be leading the f Q 

current by the amount of X. that this frequency 
sees. 

Frequencies in between f^and f Q will be lead¬ 
ing by a lesser amount because the tank circuit 
will appear less inductive to these frequencies. 
These voltages will have been advanced in phase 
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Figure 7-35. -All channel response curves. 
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(or time) in respect to the voltage at f of the 
tank. 0 

The voltage of the frequency fg will be re¬ 
tarded in phase (or time) because the tank cir¬ 
cuit will appear capacitive to that frequency. 
Before any voltage can be developed, current 
had to first begin to flow (because current leads 
voltage across a capacitive circuit). Voltages 
at frequencies in between f 0 and f saw less X_,, 

therefore, were retarded less. 


The output from this tuned amplifier will be 
a series of signal voltages at 3,300 different 
frequencies with the lowest frequency (f^) oc¬ 
curring first because it was advanced the most 
in time, and the highest frequency (fg) occurring 

last because it was retarded the most in time. 

The Q of the tank circuit will be selected so 
as to advance the voltage at f^ by 0. 5- n sec, and 

to delay or retard the voltage at f 2 by 0. 5- /xsec. 
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THE TIME DIFFERENCE BETWEEN THE TIME 
WHEN THE FREQUENCY AT Fj IS DEVEL¬ 
OPED AND THE TIME WHEN THE FRE¬ 
QUENCY AT F 2 IS DEVELOPED WOULD THEN 

BE l-/zsec. Since there are 3,300 different 
frequencies produced and coupled out of the 
tuned amplifier in a period of l-/zsec, the time 
delay between each of these different frequencies 
is 0. 00031 /isec. As shown in Figure 7-36, the 
first frequency to leave the tuned amplifier 
would be the frequency at fj and each 0.00031 

^ sec thereafter, another frequency would be 
developed and coupled out until the frequency of 
f 2 is developed 1 full nsec later. 



J"*- I^Sec 


AQ. 108 

Figure 7-36.-Individual channel frequency 
output (expansion). 

Since frequency is the reciprocal of time, it 
can be seen that the output from each channel 
(1 n sec in time) will be 1 Hz wide in frequency. 

What has been done is to take 3,300 different 
frequencies, each one in phase, and time delay 
or time advance each one by a different amount. 
This process has created a waveform which be¬ 
gins to appear as a linearly swept FM wave, and 
is called time dispersion or phase dispersion. 

COMBINED OUTPUT OF THE MATCHED 
FILTER. -As shown in figure 7-34, the entire 
frequency spectrum is applied to the input of 
each of the 10 filter channels simultaneously, 
but through a delay line for channels 2 through 
10. This means that channel 1 will receive its 
input at the instant the spectrum is applied to 
the input of the filter; however, channel 2 will 
not receive its input until later in time due to 
the delay line. Channel 3 will receive its input 


still later in time than channel 2. This process 
will continue so that channel 10 will receive its 
input last because the delay line in its input 
offers the largest amount of delay. 

Channel 1, since it received the frequency 
spectrum first, will produce an output first. 
Channel 1 is tuned to 95. 5 MHz, and has a 1 
megahertz bandwidth, so it will produce in its 
output only that part of the spectrum from 95 
MHz to 96 MHz. The frequency to first appear 
at the output of channel 1 will be the lowest fre¬ 
quency within the bandwidth of the tuned ampli¬ 
fier. This is because the lowest frequency 
receives the greatest phase or time advance 
because of X L of the tank circuit at that fre¬ 
quency. The last frequency to leave channel one 
will be the highest frequency within its band¬ 
width. This frequency receives the most time 
or phase delay because of X c of the tank circuit 

to that frequency. Each of the remainder of the 
3,300 frequencies will be either advanced or 
retarded by a lesser amount, so that the time 
required for channel 1 to reproduce all 3, 300 
frequencies will be 1 n sec. 

As channel 1 is finishing its output waveform, 
channel 2 is just receiving the spectrum at its 
input (because the spectrum was delayed 1 /isec 
by the delay line). Channel 2 is resonant to 96. 5 
MHz, has the same 1-MHz bandwidth, and will 
reproduce that part of the spectrum from 96 
MHz to 97 MHz. The lowest frequency within 
bandwidth of channel 2 will be reproduced first 
because it receives the greatest advance by X^. 

The highest frequency will be reproduced last 
because it is delayed by X c . Channel 2 will re¬ 
quire 1 n^ec to produce its full 1-MHz output. 
Two n sec in time have now elapsed. 

As channel 2 finishes producing its output, 
channel 3 receives the frequency spectrum at 
its input through the 2- nsec delay line. Channel 
3 picks up in frequency where channel 2 left off 
and provides another 1-MHz part of the output 
for a period of 1 ^sec. 

This process continues until channel 10 re¬ 
ceives the frequency spectrum at its input after 
being delayed by the 9 -nsec delay line. It then 
produces the tenth part of the total output wave¬ 
form which is resonant from 104 MHz to 105 
MHz. It is also 1 n sec wide. 

The lowest frequency of channel 1 (95 MHz) 
is produced, and 10 nsec later, the highest fre¬ 
quency of channel 10 (105 MHz) is produced. 
This is shown in figure 7-37. 

Each of t h e 10 channels output waveforms 
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Figure 7-37. -Summing amplifier output. 
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will be combined in the summing amplifier to 
produce the waveform shown in figure 7-37. 
This waveform sweeps a 10-MHz band of fre¬ 
quencies during a time of 10 /zsec with a linear 
change of 1 MHz/1- jzsec. This type of waveform 
is called a linear frequency modulated pulse. 
The matched filter which produces this type of 
waveform is called a LIFMOP filter being 
coined from Linear Frequency MOdulated 
Pulse. This LIFMOP waveform contains ap¬ 
proximately 33,000 different frequencies, each 
one being in a very definite time and phase re¬ 
lationship to the others. 

The output from each channel must be equal 
in amplitude. To insure equal amplitude from 
each channel, an oscilloscope is connected to 
observe the output of the summing amplifier. 
The amplitude adjustment (screwdriver adjust¬ 
ment) is set on each channel so that the output 
from each amplifier is equal in amplitude. With 
the oscilloscope connected to the same point, 
the frequency adjustment, (a technician's adjust¬ 
ment) is set so that the output of each amplifier 
coincides with the output of the amplifiers on 
either side of it with no interruption of the 
pulse. When any of the amplifiers are changed, 
both of these adjustments must be performed. 

This LIFMOP waveform may be transmitted 
at these frequencies, or it may be passed through 
frequency converters to increase the frequency 
whatever is desired to be transmitted. It will 
normally be amplified by several RF amplifiers 
prior to being transmitted. These RF amplifiers, 
of necessity, have a very broad bandwidth and 
linear frequency response to avoid any type of 
distortion of the LIFMOP waveform. The wave¬ 


form shown in figure 7-37 leaves the summing 
amplifier with some amplitude variations. It is 
desirable that the transmitted waveform have 
no variations of amplitude. Normally, the wave¬ 
form will be passed through a limiter prior to 
transmit to remove these amplitude variations. 

The transmitted pulse will be rectangular, 
swept in frequency over 10 MHz, and 10 fisec 
in duration. It is composed of the combined out¬ 
puts of all 10 filters. 

PULSE COMPRESSION 

This operation is basically the inverse of 
pulse expansion. That is, when a 10-^sec target 
return is received, it is compressed so that the 
receiver output is a 0. l-/zsec echo. 

Echo Return from a Target 

For discussion purposes assume that a tar¬ 
get is located a distance from the receiving 
antenna so that 100 /xsec of travel time will be 
required for the return echo to reach the re¬ 
ceiver antenna. The lowest frequency was the 
first to leave the transmitter, and the first to 
strike the target; thus, the lowest frequency 
will be the first to be picked up by the receiving 
antenna. (It will be returned 100 n sec after it 
strikes the target.) The highest frequency trans¬ 
mitted did not leave the transmitter until 10 
ij sec later. It did not strike the target until 10 
fxsec after the lowest frequency struck the tar¬ 
get. Therefore, it was not returned to the re¬ 
ceiving antenna until 10 nsec after the lowest 
frequency was received. Refer to figure 7-38. 

It can be seen that a definite time versus 
frequency relationship exists during the 10 
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/zsec that the returning echo is felt on the re¬ 
ceiver input. At any time, the frequency can be 
determined and, therefore, which channel is 
receiving a signal. For instance, at T q plus 

106 jtsec, the frequency which will enter chan¬ 
nel No. 6 is just arriving at the receiver an¬ 
tenna. This means that the frequencies affecting 
channels 1 thru 5 have already arrived, and 
channels 7 thru 10 are yet to come. 

If the returned echo is applied to the matched 
filter as it is now (lowest frequency first), by 
action of the L and C of the tanks, the filter 
would tend to expand the signal again, rather 
than compress it as is desired. FOR THE 
PULSES TO BE COMPRESSED, THE FRE¬ 
QUENCY RELATIONSHIPS MUST BE RE¬ 
VERSED. That is, the returned echo must be 
turned around so that the highest frequency 
enters the matched filter first, and the lowest 
frequency enters last, or 10 psec later. This is 
easily accomplished by sideband inversion. 

SIDEBAND INVERSION. —Sideband inversion 
is a process of inverting the frequencies con¬ 
tained in the upper and lower sidebands during 
the process of frequency conversion. This proc¬ 
ess occurs any time the local oscillator is tuned 
ABOVE the frequency to be converted, and the 
DIFFERENCE frequency is selected. (See 
figure 7-39.) 

NOTE: The reader should be aware that the 


frequency values used in figure 7-39 are arbi¬ 
trary values and were selected only to illustrate 
sideband inversion. 

From figure 7-39, it can be seen that when 
the upper sideband (101 MHz) passes through the 
mixer, the difference frequency produced is 9 
MHz. When the lower sideband frequency (99 
MHz) is converted, the difference will be 11 
MHz. Thus, the highest incoming RF produces 
the lowest difference frequency, and the lowest 
RF produces the highest difference frequency. 
In the case of the pulse compression radar under 
discussion, the returned echo is passed through 
a frequency conversion stage for the purpose 
of sideband inverting the frequencies. The 
lowest frequency which was first returned will 
become the highest frequency after sideband 
inversion (95 MHz) will emerge as 105 MHz). 
The highest frequency (105 MHz) returning last 
will emerge from the mixer as 95 MHz because 
of this process, the entire frequency content of 
the returning pulse will be reversed. After this 
inversion, the echo is now ready to be applied 
to the matched filters for pulse compression. 

Action of Matched Filter 
on the Returned Echo 

The returning pulse, AFTER SIDEBAND 
INVERSION, is once again applied to the par¬ 
alleled inputs of all 10 matched filter channels. 
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Figure 7-39. -Sideband inversion 
block diagram. 


The difference between the input to the matched 
filter, now on the pulse compression function, 
and the input for the pulse expansion function on 
transmit is that on pulse expansion, ALL fre¬ 
quencies (each one in phase) were present at 
EACH channel at the SAME TIME. But on pulse 
compression (or receive), the frequencies ar¬ 
rive ONE AT A TIME, each one separated from 
the others by a small phase and time difference. 
The first frequency to arrive, at T 0 plus 100 
H sec, is the highest input frequency to the filter 
after conversion, and 10 /zsec later, at T 0 plus 
110 jzsec, the lowest input frequency after con¬ 
version arrives at the filter. It must be noted 
that as each individual frequency arrives, it is 
present at the input to each one of the 10 chan¬ 
nels simultaneously. 

The highest frequency (after conversion), 
being the first to arrive, is applied directly to 
the matched input filter. Since this frequency is 
within the bandpass of ONLY channel 10, it will 
affect only channel 10. Before it can be applied 
to the tuned amplifier of channel 10, it receives 
a 9-/isec delay. Therefore, this f r equ en cy 
finally is present at the tuned amplifier of 
channel 10 at T 0 plus 109-/zsec. For the next 
l-jzsec of time, all of the frequencies within the 
band pass of channel 10 will arrive and be proc¬ 
essed. The highest frequency (105 MHz) at T 0 
plus 109 //sec, is above the resonant frequency 
of channel 10 (104. 5 MHz), so the tank circuit 
appears capacitive to that frequency. 

The tank circuit has the same effect on fre¬ 
quencies ABOVE its resonant frequency that it 
had previuosly during pulse expansion-that is, 
it will delay these frequencies by an amount 
proportional to the amount of capacitive react¬ 
ance the tank offers to that frequency. The 
105-MHz signal, being the farthest away from 


the f 0 of the tank, will be delayed the most 
(approximately 0.45-/zsec). 

The next frequency to arrive at the tank is 
slightly later in time and lower in frequency, 
and receives slightly less delay than did 105 
MHz. When 104.5 MHz arrives (at T 0 plus 
109. 5 fisec), the tank simply passes it exactly 
as it is. The rest of the frequencies within the 
bandpass of channel 10 are lower than the f 0 
and sees an inductive reactance. This advances 
these lower frequencies by an amount propor¬ 
tional to the X L of the tank. The 104 MHz sig¬ 
nal, the lowest frequency within channel 10's 
bandpass, sees maximum inductance and is ad¬ 
vanced approximately 0. 45-^sec. The end result 
is that the bandwidth of frequencies of channel 
10 (which was 1 /xsec wide) is compressed to 
0.1-fzsec, and comes out of channel 10 at T 0 
plus 109. 45-f/sec to T 0 plus 109. 55-^sec. This 
is shown in figure 7-40. 


105MHz , 04 c 104MHz 

T 0 +109;jsec ^Hz T 0 +110>isec 
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Figure 7-40. -Individual channel 
compression. 

The band of frequencies processed and com¬ 
pressed by channel 10 arrived at the receiver 
antenna from T 0 plus 100-jxsec to T 0 plus 

101- /zsec. From T 0 plus 101 /zsec to T 0 plus 

102- /zsec, the frequencies within the bandwidth 
of channel 9 will be arriving at the receiving 
antenna. To get to the tuned tank of channel 9, 
they must pass through the 8-jzsec delay line. 
Then, at T 0 plus 109-//sec, the first frequency 
for channel 9 (104 MHz) will arrive. This fre¬ 
quency is higher than the resonant frequency 
(103.5 MHz), so it will be retarded approxi¬ 
mately 0.45-fzsec, and will be reproduced in the 
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output of channel 9 at T 0 plus 109.45-//sec. The 
lowest frequency to channel 9 (103 MHz) sees 
maximum inductance and will be advanced ap¬ 
proximately 0. 45 ^sec. Channel 9 will produce 
its output from T 0 plus 109.45 n-sec to T 0 
plus 109. 55 nsec, or during the same time 
channel 10 was producing an output. 

This process continues as each one of the 
channels receives its band of frequencies 1 
nsec apart in time, but produces its output at 
the same time as each of the other channels. 
Finally, at T 0 plus 109-nsec, the first frequency 
to passthrough channel 1 arrives at the receiv¬ 
ing antenna, and is felt directly on the tuned 
tank in channel 1 since channel 1 has no delay 
line. Channel 1 then produces an output at the 
exact same time as the previous nine channels. 

COMBINED OUTPUT OF THE MATCHED 
FILTER. -The output circuit of each individual 
channel is fed into summing amplifiers where 
all 10 outputs are combined. Because each 
channel produces an output at exactly the same 
time, and for exactly the same time duration, 
all 10 outputs add directly, and appear at the 
output of the summing amplifiers as one pulse 
0.1 ^secin duration. The entire 10-^sec return 
echo has been compressed to 0.1-nsec, and is 
now ready to be detected and sent to the indica¬ 
tion devices. 

The ratio between the pulse width of the 
transmitted pulse and the returned compressed 
target echo is expressed as the compression 
ratio. It is determined as follows: 

pulse width of 
expanded pulse 

Compression ratio = - 

pulse width of com¬ 
pressed pulse 

The compression ratio of the radar being dis¬ 
cussed is: 

10-nsec 100 

Compression ratio =-=-= 100:1 

0.1-jisec 1 

This expression is considered a figure of merit 
for a pulse compression type radar. 

During this process of pulse compression, 
some apparent amplification occurs across the 
matched filter. This is because of the energy 
content and time duration of the returned echo. 
The 10-jxsec pulse arrives with a certain volt/ 
amps energy content, but it is compressed in 
time down to a pulse of 0. 1-^sec. Assuming 


none of the energy content was lost across the 
matched filter, the same amount of energy must 
still be present in the compressed pulse. If the 
pulse width narrows, the amplitude of the com¬ 
pressed pulse will increase. This increase is 
the same as the compression ratio. In the radar 
under discussion, the pulse is compressed by a 
ratio of 100:1, so the amplitude of the com¬ 
pressed pulse is 100 times larger than the am¬ 
plitude of the received target return, and still 
contains the same energy content. 

It must be noted that in a practical radar 
using pulse compression, it is very difficult to 
get the returned energy compressed back to the 
same pulse width that was used in the pulse ex¬ 
pansion sequence. As previously stated, there are 
many thousands of frequencies, each different 
by one PRF, in the transmitted pulse. Each of 
these frequencies bears a very definite time/ 
phase relationship to each other. To compress 
the returning echo back to the original pulse 
width, each one of the frequencies must be 
present, and must still bear the exact same 
time/phase relationship that it did upon leaving 
the transmitting antenna. Due to atmospheric 
conditions and waveguide vibration, some at¬ 
mospheric modulation occurs between pulse 
expansion and pulse compression. Some of the 
frequencies will be changed, so it will not be 
easy to reconstruct the original pulse. In the 
radar under discussion, typically the 10-jxsec 
returned echo is compressed into a 0.2-/isec 
pulse, for a compression ratio of 50:1. This 
means that if the entire energy content is main¬ 
tained across the filter, the amplitude of the 
compressed target video would be 50 times 
larger than the amplitude of the returning echo. 

SIGNAL-TO-NOISE RATIO 

The noise which might exist in the band of 
frequencies covered by the radar are at random 
frequencies and bearing random phase rela¬ 
tionships to each other, and to the returning 
target echo. Any of these frequencies which 
exist within the bandpass of the matched filter 
passes through the filter, but are not affected 
by the filter. That is, they are neither expanded 
nor compressed because of their random rela¬ 
tionship, so they emerge at the same amplitude 
at which they went in while the return echo 
emerges enlarged in amplitude by the amount 
of the compression ratio. Radars using pulse 
compression are generally considered to have 
an increase in the signal-to-noise ratio across 
the matched filter approximately equal to the 
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compression ratio. This is in addition to the 
signal-to-noise ratio increase which might be 
gained by using suitable receiver input ampli¬ 
fiers. 

ECM CONSIDERATIONS 

As was previously stated, it is very difficult 
to jam a pulse compression type radar. This is 
primarily because of the characteristics of the 
matched filter. To overcome the target video 
noise jammers would have to produce enough 
noise signal so that the noise at the receiver 
antenna would be greater than the returning 
target echo by the amount of the compression 
ratio. This is easily eliminated by insertion of 
circuits between the antenna and matched filter 
which automatically reject abnormally large 
signals. This method is currently in use in cer¬ 
tain long range search radars in operation with 
the fleet. Repeater jammers, to override the 
actual target return, would have to generate a 
spectrum containing exactly the same frequen¬ 
cies, each bearing the exact same phase and 
time relationships as that of the transmitted 
pulse. Even if this were possible (some types 
o f E C M equipments simply amplify whatever 
their antennas receive), the ECM signal would 
be rejected since it would be larger in ampli¬ 
tude than the valid received target return. This 
repeater jammer could have no more delay be¬ 
tween the time it received the transmitter’s 
signal and the time that it retransmitted this 
same amplified signal than the time duration of 
the compressed pulse as it comes out of the 
matched filter. When the delay is greater than 
the pulse width of the compressed pulse, the 
indication device (computer) would see two dis¬ 
tinct returns. One would be the target, and the 
other would be the ECM signal. Even if the 
delay was less than the pulse width of the com¬ 
pressed pulse, the computer would still see the 
target return first, then a sudden increase in 
amplitude as the ECM signal came through. 
The computer would automatically reject ECM 
return, but would see the target return. Chaff 
jamming is easily countered by the incorpora¬ 
tion of circuits which reject abnormally slow 
moving targets such as chaff, corner reflectors, 
balloon borne devices, etc. 

To further increase the difficulty in jamming 
the pulse compression type of radar, the PRF 
could be made to vary at a random rate. This 
will cause each and every frequency in the 
transmitted pulse to change slightly each time 
the transmitter fires. Unless the returning 


echo contains exactly the same frequencies that 
were just transmitted, the matched filter will 
reject them. 

TRAVELING WAVE TUBES 

Contrary to popular belief, the traveling 
wave tube (TWT) is not a new device. It was 
invented during the later part of World War EL 
Its remarkable capabilities and some of its po¬ 
tential applications have been known for years. 

The TWT saw no practical application during 
the war, only an experimental laboratory de¬ 
vice. Between 1945 and 1950, work was done 
to further develop the TWT for practical appli¬ 
cations. 

The Navy became interested in the traveling 
wave tube because of its potential applications 
in the communication field. However, the Navy 
was also considering other potential applica¬ 
tions: radar and electronic warfare (EW) were 
high on the list. 

The evolution of radar has partially been the 
result of a continuing need to stay ahead of any 
new countermeasure tactics which might com¬ 
promise the radar’s effectiveness. 

The trend in search radars has been toward 
much higher power and toward electronic 
counter countermeasure (ECCM) techniques that 
will increase subjamming visibility. A good 
antijamming radar must be able to shift fre¬ 
quency quickly, and if possible over a wide 
bandwidth, to avoid the jammer's frequency. 
The trend in EW has also been toward wide 
bandwidth capability, where the jammer ampli¬ 
fies wide bandwidth noise or may deceptively 
retransmit the radar pulse to offset the radar’s 
frequency shift tactics. 

An amplifying device capable of broad oper¬ 
ating ranges, with sufficient output power and 
efficiency, is necessary since wide frequency 
bandwidths are essential to the employment of 
such tactics. The TWT appeared to offer prom¬ 
ise in these areas. The Navy, as well as other 
military services, has been responsible for 
many of the primary advances in the TWT de¬ 
velopment, principally through such organiza¬ 
tions as the Naval Research Laboratory, the 
Office of Naval Research, and sponsorship of 
development contracts with a number of indus¬ 
trial firms. 

The TWT is an electronic amplifying device 
which accepts a weak RF input signal and am¬ 
plifies it many thousand times. Although it per¬ 
forms the same function as its principal prede- 
cessors-the triode, magnetron, and klystron, 


180 


Digitized by LjOOQle 




Chapter 7-MICROWAVE TRANSMISSION 


it has, however, one characteristic not shared 
by these devices: extremely wide bandwidth. 
The TWT exhibits relatively uniform charac¬ 
teristics within a 2:1 frequency range; i. e., 
within one octave. However, it can provide 
useful gain well outside this range. For ex¬ 
ample, TWT's are available which will amplify 
all frequencies from 7,000 to 14,000 MHz; 
others will handle frequencies from 4,000 to 
8,000 MHz, etc., without having to be tuned 
within their bandwidths. Traveling wave tubes 
are not normally operated below 500 MHz nor 
above 10,000 MHz. 

Figure 7-41 is a simplified sketch of a helix 
type TWT structure. At the left of the diagram 
is the electron gun assembly. The cathode, 
when heated, emits a continuous stream of elec¬ 
trons. These electrons are drawn through the 
anode; are focused into a tight, narrow beam; 
and are forced to travel the length of the tube, 
eventually to dissipate in the collector in the 
form of heat. At the same time the electron 
beam is moving through the tube, the desired 
RF signal is fed into a slow-wave structure 
consisting of, in this case, a tightly wound wire 
called a helix. 


R F INPUT 


CATHODE 



HEATER 
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Figure 7-41. -Simplified helix type 
TWT structure. 


SLOW-WAVE STRUCTURE 

The applied RF signal propagates around the 
turns of the helix at approximately the velocity 
of light; however, the axial RF electric field 
(because of the signal) advances toward the col¬ 
lector at a velocity considerably less than the 
velocity of light. The rate of advance of the RF 
wave is approximately equal to the velocity of 
light multiplied by the ratio of helix pitch to he¬ 
lix circumference. The helix is designed to 
slow down the wave propagation so that it can 
be synchronized with an electron stream which 
has a velocity that corresponds to an accelera¬ 
ting voltage of approximately 1, 500 volts. 

The helix type slow-wave structure is par¬ 
ticularly suitable for achieving wideband oper¬ 


ation. The reason for this is that the velocity 
of the axial field produced by the helix is almost 
completely independent of frequency over a wide 
frequency range. A typical helix type traveling 
wave amplifier has a response which is constant 
to within ±3 db from 2,000 to 4,000 MHz. 

Many other types of slow-wave structures 
may be used in a traveling wave tube (e.g. a 
folded line, a periodically loaded waveguide, 
etc.); however, all except the helix are disper¬ 
sive structures; i. e., they have a wave veloc¬ 
ity that varies with frequency and so have less 
bandwidth than the helix. (Keep in mind that a 
traveling wave tube will amplify all frequencies 
for which the velocity of the wave is substan¬ 
tially the same as the velocity of the electron 
beam.) The helix type traveling wave tube is a 
relatively low-power device. High-power trav¬ 
eling wave tubes nearly always have less band¬ 
width. 

Since the basic theory of all traveling wave 
amplifiers is essentially the same (regardless 
of the type of slow-wave structure), this dis¬ 
cussion will be confined to the helix type. 

The phase velocity of the RF wave, or the 
speed at which the wave is moving forward, is 
made synchronous with the velocity of the elec¬ 
tron beam. The result is that an interaction is 
created between the electron beam and the RF 
signal. It is such that the electrons in the beam 
are slowed by the RF field and move down 
through the helix in bunches. As the electrons 
are slowed, they give energy to the RF field, 
resulting in great amplification of the RF signal 
by the time it reached the output. 




(B) TUBE MOUNTED IN MAGNETIC FOCUSING DEVICE 
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Figure 7-42. -Diagram of a typical traveling 
wave tube. 
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As shown in figure 7-42, a magnetic focus¬ 
ing field is provided to prevent the beam from 
spreading and to guide it through the center of 
the helix. A helix attenuator, commonly in the 
form of a conducting coating of aquadag painted 
on the glass wall of the tube, is required to pre¬ 
vent the amplifier from going into oscillation as 
the result of backward waves and/or reflections 
as the result of slight impedance mismatches at 
the terminals. The RF signal to be amplified is 
applied at the gun end of the helix and travels 
its length; output power is removed at the col¬ 
lector end of the helix. 

INTERACTION PROCESS 

To understand the continuous interaction 
process, consider a constant-amplitude travel¬ 
ing wave of RF electric field as shown in figure 
7-43. The positive half-cycle of the RF electric 
field is tendingto force the electrons to the left; 
and during the negative half-cycle, the wave is 
tending to force electrons to the right. To be¬ 
gin with, a uniform distribution of electrons is 
traveling to the right at exactly the same veloc¬ 
ity as the wave shown in figure 7-43. 


FORCE ON AN ELECTRON 



DIRECTION OF WAVE ANO BEAM TRAVEL 
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Figure 7-43. -Beginning of the continuous 
interaction process. 

Note that electrons between C and D are 
falling back and accumulating at C; also, elec¬ 
trons between B and C are advancing and ac¬ 
cumulating at C. In other words, a bunch is 
forming at C, and electrons in the half-periods 
on either side of B are moving away from B 
with the consequent formation of an antibunch at 
B. The bunch-formation process tends to be 
cumulative; that is, the longer the electrons are 
subjected to the field, the denser the bunch they 
form. The result of this process is indicated in 
figure 7-44. If the traveling wave field remains 
constant, the charge density of the bunches 
grows as the square of the distance traveled un¬ 
til the charge density approaches a maximum. 


FORCE ON AN ELECTRON 


DENSITY OF BUNCH INCREASES AS 
SQUARE OF DISTANCE TRAVELED 
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Figure 7-44. -Electron bunch density grows 
with square of distance traveled. 

It is important to note that if one observes 
the passage of the traveling wave and electron 
stream from a stationary position, the wave will 
appear as an a-c (RF) voltage and the bunches 
will appear as an alternating (RF) current. The 
amplitude of the alternating current (essentially 
charge density) is proportional to the square of 
the time electrons have been subjected to the 
field. 

As these electron bunches move through the 
helix, they induce power on the helix and set up 
other traveling waves. The core of the helix 
maybe considered to be divided into a series of 
gaps of infinitesimal length. The voltage across 
each gap and the current through each are con¬ 
tinually changing as the traveling wave and 
bunches pass by them. The action of the beam 
may be analyzed on the basis of the action at 
each gap separately. Then the total effect may 
be obtained by adding the actions at the separate 
gaps in proper phase. The induced power may 
be resolved into an induced field wave traveling 
to the right, as indicated in figure 7-45. For 
example, at gap 1, induced field waves dE^ are 

propagated to the left and right from z^. Simi¬ 
lar waves are initiated at all other values of z. 
The total field at any z is the sum of all induced 
waves arriving at that z from both directions. 
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Figure 7-45. -Electron bunches induced 
opposite traveling field waves on the helix. 
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Assuming that the electron velocity is equal 
to the traveling wave velocity, all field waves 
traveling to the right will add exactly in phase 
and cause a secondary field wave to build up 
90° behind the original applied field wave, as 
shown in figure 7-46. Waves traveling to the 
left, however, do not add in phase; in fact, some 
of them add 180° out of phase, and so a back¬ 
ward wave does not tend to build up. Note in 
figure 7-45 that, when a bunch passes gap 1, 
backward wavelet dE^ is initiated with a posi¬ 
tive crest; then one-quarter wavelength later, 
the same bunch initiates backward wavelet dEg. 

By the time the positive crest of dEg returns to 

gap 1, dE 1 has passed through 180°, is at a 

negative crest, and the two backward wavelets 
will tend to cancel. Actually, dEg is greater 

than dE^, since the bunch density is greater by 

the time it arrives at gap 2; therefore, a small 
total wave will result which is traveling to the 
left. It is traveling, however, at such a high 
velocity relative to the beam that it will cause 
no further interaction with the beam. It can be 
seen later that the helix attenuator prevents 
this backward wave from returning to the input 
terminal where it could cause trouble. 

Secondary Field Wave 

As mentioned earlier, the charge density of 
the bunches begins increasing as the square of 
the distance traveled. This causes a secondary 
field wave to be induced in phase with the alter¬ 
nating current (bunch), and therefore 90° out of 
phase with the original applied wave. However, 
the secondary field wave actually increases at a 
rate higher than does the current wave in the 
beam which induced it. The reason for this is 
that the bunches are actually inducing the infin¬ 
itesimal waves which, in turn, add in phase to 
produce the secondary field wave. It can be 
proved mathematically that the secondary field 
wave increases as distance cubed. 

The secondary field wave will, in turn, 
cause bunches to start forming 90° behind the 
original bunches in the same fashion that the 
applied field wave produced the original bunch¬ 
ing. Since the secondary field wave is a grow¬ 
ing wave, this new secondary bunching will in¬ 
crease as the fifth power of distance instead of 
as the square of the distance as caused by a 
constant-amplitude field. The secondary 
bunches then induce a new tertiary wave on the 
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Figure 7-46. -The applied field wave induces 
an alternating current (bunching) on the 

beam which, in turn, induces a secondary 
field wave. 

helix which grows as the sixth power of dis¬ 
tance, etc. 

Total Growing-Wave Concept 

The final form of the growing wave traveling 
down the helix may be realized by adding the 
series of growing waves (secondary, tertiary, 
etc.). 

We may intuitively arrive at a conclusion by 
reasoning as follows: Near the input, the 
strongest field is the applied field, and so the 
field is relatively constant for some distance. 
The first increasing wave to have substantial 
amplitude will be the secondary wave, which is 
increasing as the cube of the distance. For 
some distance it will be the dominant wave and 
the total wave will grow as the cube of distance. 
Next, the tertiary wave becomes dominant, so 
the total field appears to grow as the sixth 
power of distance, etc. Thus, the rate of 
growth is rapidly increasing as distance in¬ 
creases, and as a result, the rate of growth is 
increasing as fast as the wave amplitude is 
growing; i. e., the growth is exponential. 

It is obvious that this total field wave is 
traveling slower than the beam and the original 
wave, since it is composed of induced wave 
components, each of which lags the previously 
induced component by 90°. Thus, energy is ac- 
tually being transferred from the beam to a 
composite wave traveling slower than the beam, 
which, according to mathematics, must be true. 
An important point can be cleared up now; that 
is, the velocity of the electron beam does not 
have to be greater than the velocity of the ap¬ 
plied traveling wave in order for the mathemat¬ 
ical requirements for energy transfer to be 
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satisfied. In fact, their velocities must be ex¬ 
actly synchronized to result in the most efficient 
operation. 

Energy Transfer 

With this method of analysis, the question of 
how the beam transfers energy to the traveling 
wave is answered as follows: There is no net 
energy required to bunch the beam. On the av¬ 
erage, as many electrons are speeded upas are 
slowed down, and no energy is transferred from 
the helix to the beam in producing bunching. 
There is, ho we ve r, a perfectly real energy 
transfer from the bunched beam to the helix 
in inducing a growing field on the helix. 

In terms of the picture of the beam passing 
through a series of interconnecting gaps, the 
beam delivers power to each gap in the same 
fashion that the bunched beam in a klystron de¬ 
livers power to the catcher gap. Thus, at each 
stage of bunching, no energy is transferred; but 
in setting up each field wave (secondary, terti¬ 
ary, etc.), the beam transmits energy to the 
helix. 

ELECTRICAL CONSTRUCTION 
Electron Gun 

The electron gun used in a TWT is quite 
similar to that of a projector lens; its objective 
is to obtain as much electron current flowing in 
as small a region as possible without distortion 
or fuzzy edges. The design of the gun is ex¬ 
tremely important, since the gun is the source 
of electrons for the beam. A wide variety of 
guns have been developed in an effort to improve 
the gun optics to provide better beams. 

Cathodes have been made of many different 
types of materials. Two types have generally 
become standard-the oxide type, which has a 
nickel base with a barium/strontium coating; 
and the disperser cathode or the L-type, one 
version of which has an emitting surface con¬ 
sisting of porous tungsten through which barium 
atoms are dispensed from a chamber containing 
barium-strontium-oxide crystals. Two other 
types which are also used are the pressed cath¬ 
ode and the impregnated type. 

Recently a number of tubes have been devel- 
oped which have control grids. The use of a 
control grid makes it possible to turn the beam 
off and on rapidly with a much smaller voltage 
swing than is required when the cathode is 
modulated. 


Helix Circuit 

The helix circuit is considered to be the 
most efficient TWT circuit. It is capable of 
producing wider bandwidths than any of the more 
recently developed versions; however, its de¬ 
sign is generally restricted to tubes having peak 
power outputs of less than 3, 000 watts. 

Single Helix 

Figure 7-47 illustrates the principal compo¬ 
nent parts of a typical helix tube with its pack- 
aging and focusing structures removed. The 
completed tube is shown at the bottom of the 
figure. To the left, immediately above the 
completed tube, is the electron gun assembly. 
The helix coil, or slow-wave structure, is 
shown toward the top center of the figure. Helix 
coils are usually made of tungsten or molyb¬ 
denum and are wound to extremely accurate di¬ 
mensions. This accuracy is required because 
the fields associated with the "slow waves" 
must travel at the same axial speed as the 
stream of electrons emitted from the cathode. 
For example, in a 1, 500-volt electron beam, 
the electrons travel at 1/13 the speed of light. 
Since the RF signal is carried along the wire 
from which the helix is wound at about the speed 
of light, the resulting linear ratio of the helix 
to the beam must approximate 13:1 in this 
example. 

Helix-Derived Circuits 

A number of configurations utilizing the ba¬ 
sic helix structure have been explored in an 
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Figure 7-47. - Principal parts of the helix type 
traveling wave tube. 
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Figure 7-48. -A 

attempt to extend its many fine properties to in¬ 
clude higher output powers. An early attempt, 
the contrawound helix, uses two helixes wound 
in opposite directions. This device extends the 
useful range of operating voltages to the 20 to 
70-kv range and allows the use of larger trans¬ 
verse dimensions at a given frequency range. 
The ring bar shown in figure 7-48 is a version 
of the contrawound helix. 

Filter Type Circuit 

For some time, the TWT was considered 
usable only as a low-power device. At high 
powers, the basic helix structure has two major 
limitations: an inherent tendency to oscillate, 
and the inability to dissipate the large volume 
of heat accumulated. Many other slow-wave 
structures have been investigated in an attempt 
to find a means of eliminating these undesirable 
limitations while retaining the TWT's wide 
bandwidth characteristics. Of the many types 
of circuits investigated, versions of the filter 
type have been shown the greatest promise. 

The simple waveguide is basically a high- 
pass filter. If a waveguide is periodically 
loaded, reflections will accumulate from the 
loading obstacles; and the high-pass filter will 
become a band-pass filter with characteristics 
which depend on the nature of the periodic 
loading. 

Fundamental Forward-Wave Circuits 

A number of circuits have been developed 
which employ a perturbation of the basic wave¬ 
guide mode, where the fundamental wave has its 
phase and group velocities in the same direc¬ 
tion. One of these, the cloverleaf, which is so 
named because the couplers resemble a four- 
leaf clover, has achieved up to 2 megawatts of 
peak power at S-band over a 10-percent fre¬ 
quency bandwidth with gains of 20 to 30 decibels. 

Spatial Harmonic Circuits 

Another broad group of circuits utilizes a 
coaxial mode perturbed by the waveguide wall. 
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contrawound helix. 

The fundamental wave in these circuits has its 
phase and group velocities in opposite direc¬ 
tions; therefore a harmonic, usually the first, 
is used. (These are all either backward-wave 
amplifiers or backward-wave oscillators. Spa¬ 
tial harmonics are also called Hartree harmon¬ 
ics and should not be confused with frequency 
harmonics. All spatial harmonics are of ap¬ 
proximately the same frequency, but are devel¬ 
oped at different times as the electron bunch 
travels through the slow-wave structure; i. e., 
they are related to the periodicity of the slow- 
wave structure.) The single slot, double slot, 
and drift tubes are examples of spatial harmon¬ 
ic circuits. Double slot TWT's have been built 
which produce 1-megawatt peak output power 
over a 9-percent bandwidth, with gains also in 
the 20-to-30 decibel region. 

Coupled-Cavity Circuit 

One of the most significant developments in 
recent years has been the utilization of basic 
waveguide mode resonators, coupled together 
by means of capacitive or inductive apertures, 
to provide either a fundamental forward or 
backward-wave circuit. This device is known 
as the coupled-cavity circuit. It is also known 
as a folded-waveguide circuit, since its struc¬ 
ture resembles a waveguide folded in accordion 
fashion. Figure 7-49 illustrates a cross-sec¬ 
tion view of a high-powered, coupled-cavity 
tube of the spatial harmonic variety. The gun 
assembly is shown at the right end of the tube. 
The input waveguide is at the top right of the 
slow-wave structure; the output is to the left of 
the input. The cylindrical structure at the left 
end of the tube is the collector. 

Originally, these structures provided fre¬ 
quency bandwidths of 10 to 15 percent. Re¬ 
cently, however, means have been developed for 
increasing the bandwidth of these circuits to 40 
percent and more; and tubes utilizing this cir¬ 
cuit have produced several hundred kilowatts of 
peak power at S- and X-bands, with up to 50 
decibels of gain. 

Another version of the coupled-cavity cir¬ 
cuit, the interdigital line, has found extensive 
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Figure 7-49.-High-powered coupled-cavity traveling wave tube. 
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use in low- and medium-power amplifiers rang¬ 
ing in power output up to 1-kilowatt peak, with 
gains of about 30 decibels. 


Helix Attenuator 


The helix attenuator, shown in figure 7-42, 
was mentioned early in this chapter, but the ef¬ 
fect that it has on the traveling waves has been 
ignored. It is important to note that the atten¬ 
uator absorbs not only the undesired backward 
and reflected waves, but it also absorbs the de¬ 
sired forward applied field wave and growing 
wave on the helix. In other words, no traveling 
wave gets past the attenuator in either direc¬ 
tion. However, the bunching of the electrons, 
which the applied wave has accomplished prior 
to the attenuator, is unaffected by the attenua¬ 
tor. As the bunches of electrons emerge from 
the attenuating region, they induce the second¬ 
ary field wave just as described here and shown 
in figure 7-46. The helix attenuator does not 
alter the basic theory; but, if we had included 
the attenuator on the left side of figure 7-46, the 
applied field wave would not appear on the out¬ 
put side of the attenuator. 


Focusing Structures 

Since the beam tends to disperse or spread 
out as the result of the mutual repulsive forces 
between the electrons, some means is required 
for holding the electron beam together as it 
travels through the interaction structure of the 
tube. A magnetic field of the proper magnitude 
is used to confine the electron beam to the pen¬ 
cillike cylindrical shape it must maintain. The 
three principal types of magnetic focusing dis¬ 
cussed in this chapter are illustrated in figure 
7-50. 


SOLENOID FOCUSING.-The solenoid is still 
regarded as one of the best magnetic focusing 
structures. Its magnetic lines are parallel to 
the direction of travel of the electrons; it can be 
accurately alined with the beam; and it provides 
excellent beam columniation. It will continue to 
be used in cases where the last bit of average 
power is required from a tube and tube size and 
weight are not critical factors. To date, most 
of the very high-powered TWT's utilize sole¬ 
noids. Figure 7-51 shows a very high average 
powered TWT utilizing a coupled-cavity inter¬ 
action structure with solenoid focusing. 


186 


Digitized by Google 



Chapter 7-MICROWAVE TRANSMISSION 


SOLENOID 



PERMANENT MAGNET 



Figure 7-50. -Three principal types of magnetic focusing. 
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PERMANENT MAGNET FOCUSING.-In cer¬ 
tain tube structures where the interaction struc¬ 
ture is short enough, permanent magnet focus¬ 
ing is utilized in lieu of the solenoid. Figure 
7-52 illustrates a coupled-cavity type TWT with 
its permanent magnet focusing structure. 



Figure 7-51. -High-powered TWT using 
solenoid focusing. 


PERIODIC PERMANENT MAGNET FOCUS¬ 
ING. -Perhaps the most important development 
in beam control has been the evolution of peri¬ 
odic permanent magnet (PPM) focusing, parti¬ 
cularly its adaptation to high-powered TWT's. 
Previously, its fundamental limitations were 



permanent magnet. 
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Figure 7-53. -High-powered TWT using periodic permanent magnet (PPM) focusing. 


thought to restrict its use to low-powered 
TWT's, where the beam power density is typi¬ 
cally quite low. This lightweight focusing 
method fills a great need at the high-power lev¬ 
els where previous TWT's (with focusing sole¬ 
noids) were too large and heavy for many air¬ 
borne and space applications. 

Figure 7-53 shows a cross-sectional view of 
a high-powered X-band TWT, complete with 
focusing structure and external package. The 
tube is the metal-ceramic, coupled-cavity type 
and has a total weight of 15 pounds. Its mag¬ 
netic structure is composed of round disks rep¬ 
resented in the cross section by the black ver¬ 
tical areas at the extremities of the interaction 
structure. These magnets are separated by the 
lighter colored, iron pole pieces which function 
as magnet separators and form the interaction 
structure of the tube. 


Figure 7-54 illustrates the use of PPM fo¬ 
cusing in a helix type, metal-ceramic TWT de¬ 
signed for space application. The PPM 
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Figure 7-54. -Helix type TWT using periodic 
permanent magnet (PPM) focusing. 
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assembly is shown af the top of the figure. This 
structure is slid onto the helix tube (shown in 
the middle of the figure), properly alined, and 
finally packaged as indicated at the bottom of 
the figure. The tube provides 10 watts of CW 
power at S-band and has a total packaged weight 
of only 12 ounces. 

ELECTROSTATIC FOC USING. - Electro¬ 
static focusing methods have been experimen¬ 
tally applied to low- and medium-power ed 
TWT's with some success. Electrostatic fo¬ 
cusing techniques require no magnetic field and, 
in principle, could provide even greater com- 
pactness and lighter weight than the PPM. 
However, the techniques currently available 
have not reached the practical stages where 
they can successfully compete with PPM fo¬ 
cusing. 

Collector 

The only function of the collector is to dis¬ 
sipate the electrons in the form of heat as they 
emerge from the slow-wave structure. This is 
usually accomplished by conduction to a colder 
outside surface, where the heat is absorbed by 
circulated air or liquid. The collector size is 
determined by the method of cooling used and 
the amount of energy which must be released. 

MECHANICAL CONSTRUCTION 

A conceivable disadvantage of the helix cir¬ 
cuit has been the fragile glass vacuum envelope 
which encloses the tube parts. Actually, how¬ 
ever, such glass structures are sufficiently well 
supported to withstand almost any ettvironment 
and can tolerate very high shock and loads. 

Recently, a means of utilizing metal and ce¬ 
ramic materials in place of glass in helix tube 
manufacture has been developed. These tubes 
can withstand higher loads and can be vacuum- 
fired at higher temperatures-typically 600°- 
700° C as opposed to 450° C. This assures 
considerably better cleanup of undesired gases 
entrapped in the tube, providing improved reli¬ 
ability at higher tube operating temperatures. 
Figure 7-54 illustrates a very recent version of 


such a tube. Most other structures discussed 
in this chapter utilize metal-ceramic con¬ 
struction. 

FUTURE DEVELOPMENT AND TRENDS 

A capability to amplify over a very wide 
bandwidth has great significance today in mili¬ 
tary applications. Asa result of the wider 
bandwidth and higher power capabilities of some 
of the newer tube types, principally the TWT 
and its relative, the carcinotron, many existent 
radar and ECM system designs will rapidly be¬ 
come obsolete. 

The efforts of some tube manufacturers to 
develop higher average powers are being con¬ 
centrated on CW rather than on pulsed TWT's. 
Recent requirements for sophisticated Doppler 
radars, high-power ECM, and space communi¬ 
cations have demonstrated an urgent need for 
high-powered devices, but only over limited 
bandwidths. It is expected that TWT's will soon 
be developed which will be capable of replacing 
these devices, thereby providing vastly superior 
system capability. 

Space applications of radar and electronic 
countermeasures can be expected to expand 
along the lines of recent communications devel¬ 
opments. Just which radar and ECM techniques 
will be used in space wiU depend on the design 
and mission of the coming space vehicles. Sat¬ 
ellites performing reconnaissance and surveil¬ 
lance missions will probably be among the first 
developed, and it is likely that TWT's will be at 
the forefront of their systems. 

The electronic efficiency of TWT's in other 
areas is continuously being studied and im¬ 
proved; and efficiency as great as that provided 
by any other type of structure is being attained. 
TWT's are beginning to invade both ends of the 
microwave spectrum. At the lower end, they 
are replacing triodes in a number of applica¬ 
tions ; and at the high end, millimeter wave 
TWT's are showing excellent progress. At high 
frequencies this device will offer tremendous 
communications versatility because it combines 
broadband frequency range with the security 
provided by line of sight transmission and 
reception. 
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CHAPTER 8 


ANTENNAS 


As an Aviation Fire Control Technician First 
Class or Chief, you will be required to super¬ 
vise and instruct others in the maintenance of 
antennas and antenna systems. Therefore, it is 
essential that you have a knowledge of antenna 
principles and their application in aviation fire 
control equipment. 

The fundamental principles of operation for 
antennas in UHF and microwave ranges are the 
same as those used at the lower frequencies. 
These principles are covered in chapter 13 of 
Basic Electronics, NavPers 10087-B, and 
are not discussed in this chapter. Therefore, 
it is recommended that the material in the basic 
text be reviewed before continuing in this manual. 
The material presented in this chapter is re¬ 
lative to antennas and antenna systems em¬ 
ployed by aviation fire control equipment. 

ANTENNA CHARACTERISTICS 

After an RF signal has been generated in the 
transmitter, there must be a means of radi¬ 
ating this signal into space, and a means by 
which it may be intercepted (picked up) for use 
by the receiver. The device which fulfills both 
of these requirements is the ANTENNA. The 
major purpose of a transmitting antenna is to 
convert the transmitter's RF energy into elec¬ 
tromagnetic fields suitable for propagation into 
space as efficiently as possible. The major pur¬ 
pose of the receiving antenna is to intercept the 
reflected electromagnetic fields from the tar¬ 
get (s) and to change these fields into an RF 
signal which the receiver is capable of accept¬ 
ing and amplifying. 

The process by which the RF energy is con¬ 
verted into electromagnetic waves and radiated 
into space is called PROPAGATION. Certain 
basic concepts of antenna propagation are in¬ 
cluded in chapter 13 of Basic Electronics. These 
basic concepts should be thoroughly understood. 

In the study of this chapter, it should be kept 
in mind that the subject matter field is broad 
and no attempt at complete coverage is made. 
Rather, only such background information that 
will be of help to the AQ is included. In many 
instances, the AQ will have the assistance of 


field engineers, or he will at least have spe¬ 
cific instructions on how to perform many jobs. 
Therefore, he will, in practice, need much of 
the information contained in this chapter only 
as a necessary background. 

DIRECTIONAL PROPERTIES 

One of the most important characteristics 
of a radar antenna is its directivity. An antenna 
may radiate energy equally well in all directions 
or it may radiate in one specific direction better 
than other directions. However, all antennas 
are directional to a certain extent-some only 
slightly and others considerably more. 

In aviation fire control radar, the directivity 
of an antenna is an important factor. An antenna 
that is highly directional will radiate a maxi¬ 
mum amount of energy in a specific direction. 
Thus, maximum illumination of the target is 
accomplished. Maximum illumination of the 
target or concentration of the radiated energy 
will result in greater range capabilities of the 
radar set, better target definition, and greater 
accuracy in determining the position of the tar¬ 
get. Since an antenna receives from the same 
direction that it radiates, the position of the 
antenna at the time of target reception is indi¬ 
cative of the relative target position. 

There are several methods of controlling 
the directivity of an antenna in its design. Most 
antennas found in aviation fire control radar 
employ a parabolic dish type device as a re¬ 
flector for the radiated energy. It serves to 
reflect the radiated energy in much the same 
manner that light rays are reflected. 

The degree of directivity of an antenna is 
referred to as its beam width. If an antenna is 
capable of radiating a cone of energy with a 3° 
apex, the antenna has a 3° beam width in both 
the vertical and horizontal planes. 

The use of a narrow beam width will result 
in more accurate target position determination. 
Most fire control radar antennas radiate energy 
into space in narrow pencil type beams or lobes, 
especially those used in the detection of air¬ 
borne targets. Figure 8-1 is an illustration of 
such a radar beam. 
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Figure 8-1. - Pencil type radiation pattern. 
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It maybe noted that the larger the reflector, 
in terms of wavelength, the narrower is the 
beam width. The actual physical size, however, 
is limited by the space available in the aircraft. 
Therefore, the tendency toward higher frequen¬ 
cies enables us to use a smaller "dish," allow¬ 
ing greater flexibility in locating the antenna in 
the aircraft; or a larger dish (in terms of wave¬ 
length) may be used with an improvement in 
beam width. 

In radar bombing equipment, it is desirable 
to cover a larger surface area ahead of the 
bombing aircraft. Thus, a beam that is narrow 
in the horizontal plane and wide in the vertical 
plane is desirable and results in a narrow blade 
type beam. Accurate directional characteristics 
in the azimuth plane will still be maintained 
with this type beam. 

SCAN PATTERNS 

Figure 8-2 is an illustration of a typical box 
type intercept scan pattern. The antenna radi¬ 
ates a conical type beam of approximately 9° 
which, when added to the 6° vertical "nod," 
gives the antenna an automatic 15° elevation 
coverage as it scans back and forth in azimuth. 
By use of an operator's control, the antenna 
may be made to scan at any elevation angle 
within the limits of the equipment. 


The degree of azimuth scan may also be 
selected as desired by the operator in some 
equipments. As shown in figure 8-2, the opera¬ 
tor may select one of the following azimuth scan 
patterns: 

1. Wide-approximately 130° 

2. Narrow-approximately 80° 

3. Left-approximately 75° 

4. Right-approximately 750 

In many aviation fire control radar sets, the 
conical type radar beam is caused to rotate (or 
nutate) as it scans a selected area. Figure 8-3 
illustrates a nutated radar beam and the re¬ 
sultant coverage. The radar beam is caused to 
rotate in a circular motion at a specific rate by 
a spin motor. The spin motor mechanically 
drives the antenna radiator or antenna feedhorn 
in a circular motion and thus enlarges the illu¬ 
minated area. (It should be remembered that 
the values shown in figure 8-3 are typical and 
may vary with different equipments.) 

NOTE: Development of an error signal for 
antenna tracking was discussed in chapter 7 of 
Aviation Fire Control Technician 3 & 2, 
NavPers 10387. 

Typical scan patterns found in aviation fire 
control equipment are shown in figure 8-4 (A) 
and (B). Note that the antenna is also scanned 
vertically in figure 8-4 (B). 
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Figure 8-4. -Antenna coverage patterns. 
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This type scan is almost always controllable 
to the extent that any sector within limits of the 
equipment may be scanned as desired. 

ANGULAR DETERMINATION 

The measurement of the direction of a target 
from the radar system is usually given as an 
angular position. The angle may be measured 
from true north if the installation is stationary, 
or with respect to the heading of the aircraft 
containing the radar set. The angle at which the 
echo signal returns is measured by utilizing the 
directional characteristics of the radar antenna 
system. 

The simplest form of antenna for measuring 
azimuth or bearing is one which produces a 
single lobe pattern. The system is mounted so 
that it can be rotated. Energy is directed across 
the region to be searched, and the beam is 
scanned in azimuth until a return signal is picked 
up. The position of the antenna is then adjusted 
to give maximum return signal. 


ANTENNA 





ANTENNA POSITION M C" 
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Figure 8-5. -Relationship between beam 
axis and target bearing. 


Figure 8-5 shows the receiving pattern for 
a typical radar antenna. Relative signal strength 
is plotted against angular position of the antenna 
with respect to the target. Maximum signal is 
received only when the axis of the lobe passes 
through the target. 

The sensitivity of the single lobe system 
depends on the angular width of the lobe pattern. 
The operator adjusts the position of the antenna 
system for maximum received signal. If the 
signal strength changes rapidly with angular 
rotation, the accuracy with which the on-target 
position can be selected is great. Thus, in fig¬ 
ure 8-6 the relative signal strengths A and B 
have very little difference. If the energy is con¬ 
centrated into a narrower beam, the difference 
is greater and the accuracy better. 



— position V 

— position "b" 
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Figure 8-6. -Accuracy of single lobe. 


In the single lobe antenna system, the signal 
strength varies more rapidly on the side of the 
lobe than near the axis. The greatest rate of 
change of signal strength per degree of rota¬ 
tion occurs between the angles which give 50 
and 85 percent of maximum. Radar systems 
designed for gun laying for fire control require 
the highest possible accuracy in measuring 
azimuth angles. The multiple lobe system 
achieves this accuracy by using two or more 
lobes to form the antenna system pattern. 

The principle of the double lobe system is 
illustrated by using two separate antennas 
whose lobe axis are displaced by some 
angular distance (fig. 8-7). The two lobe 
patterns intersect at one point only, known as 
the crossover point, at which equal signals are 
produced by the two antennas for this particu¬ 
lar azimuth. At all other positions of the array, 
unequal signals are produced. When the target 
is in position A, the echo signal strength re¬ 
ceived by lobe 1 is proportional to Y, and that 
received by lobe 2 is proportional to X. If the 
antenna is rotated so that the target is in posi¬ 
tion B, the signal from lobe 1 decreases to an 
amplitude proportional to X, while that from 
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lobe 2 rises to a value proportional to Y. At 
position C, between these two positions of the 
antenna, the signals from the two lobes are 
equal and proportional to Z and the antenna sys¬ 
tem is on the bearing of the target. 
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Figure 8-7. -Double lobe pattern. 

The use of two lobes instead of a single lobe 
greatly increases the accuracy of azimuth mea¬ 
surement. The amount of increase depends on 
the configuration of the antenna array. In addi¬ 
tion to the greater accuracy of the double lobe, 
there is another advantage in the sense of di¬ 
rection available. If the antenna array is off 
target on the side of lobe 1 (fig. 8-7, position 
A), the signal received by lobe 1 is the larger. 
Therefore, the antenna should be rotated toward 
the left until the signals become equal. When 
the amplitude of each signal is proportional to 
Z, the antenna is said to be on target. 

Although the 2-lobe system is not used in 
aviation fire control, its principles may be ap¬ 
plied to the common 4-lobe system or to the 
nutated beam to determine azimuth and eleva¬ 
tion angular information. 

It may be noted that there is some loss in 
maximum range when the target is centered be¬ 
tween the beams. This occurs only during track 
modes, and maximum range in search mode is 
unaffected. Since ranges involved in track modes 
are usually less than in search, some loss in 
maximum can be tolerated. 

TYPES OF ANTENNAS 

There are many different types of antennas 
ind antenna systems employed in the field of 
lirborne radar. However, in this manual only 
ihose peculiar to airborne fire control radar are 
jiven consideration. There are essentially two 
>asic types of antennas employed or used in the 
specialized field of aviation fire control. One 
ype is composed basically of one element, a 


radiating device; the other is composed pri¬ 
marily of two elements, a radiating element 
and a reflector. 

Essentially an open ended waveguide can be 
used to produce directional radiation. Two 
problems which occur are (1) how to effectively 
match the waveguide to free space; and (2) how 
to achieve a narrow beam of radiation. The ra¬ 
diation pattern of an open ended waveguide is 
broad in both the vertical and horizontal planes. 
It is also an inefficient system because of the 
mismatch between the waveguide and free space. 

HORN TYPE 

If the waveguide is flared out at a gradual 
angle, a horn antenna is obtained. Flaring re¬ 
sults in a gradual decrease in guide wavelength 
at the mouth of the horn. The wavelength at the 
mouth of the horn is then nearly the same as 
the wavelength in space and impedance matches 
the wave impedance in space,. The flare must 
be gradual or reflections will develop with re¬ 
sultant standing waves. At the same time a 
sharper beam is obtained. Horn antennas are 
used in aviation fire control only when a highly 
directive beam is not required (range only 
radar). In order to produce a highly directive 
beam, the antenna would have to be longer than 
practical. However, this disadvantage may be 
overcome by placing a lens over the mouth of 
the horn. Also, it might be well to keep in mind 
that the larger the aperture of a waveguide, 
the greater the gain and directivity. 

PARABOLIC REFLECTOR 

It was stated previously in this chapter that 
RF energy can be reflected in much the same 
manner as light rays. The parabolic antenna 
employs this principle and derives the name 
from the shape of the reflecting device called 
the reflector (sometimes called the dish). This 
type of antenna is employed extensively in avi¬ 
ation fire control radar equipment, especially 
in the equipment used against airborne targets. 

This antenna consists basically of two parts- 
a reflector and a radiation device. The radiation 
device is most often a horn type element. The 
reflector is a metallic dish having a parabolic 
shape. The radiating device (feedhorn) directs 
the RF energy into the reflector and is essen¬ 
tially the open end of the waveguide which con¬ 
ducts the energy from the transmitter. Feed- 
horns may be found in various shapes, depending 
on the mechanical and electrical requirements 
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Figure 8-8. -Parabolic reflector. 



of the particular antenna system. Some systems 
may rotate or nutate the complete feedhorn, 
while others may rotate only a feedhorn offset. 

As transmitting frequencies approach the 
microwave region, the similarity between light 
waves and radio waves becomes pronounced. 
Therefore, the behavior of microwave energy 
may be explained by the use of light waves. 

An electric bulb suspended in the exact cen¬ 
ter of a room casts its light evenly in all direc¬ 
tions about the room. If it is desired to increase 
the intensity of light in one area, place a re¬ 
flector behind the bulb. The reflector concen¬ 
trates the light into a small beam. The amount 
the beam can be concentrated depends upon the 
shape of the reflector and where it is placed in 
relation to the light source. In order to obtain 
the best concentration of the beam, the reflector 
is designed to have the shape illustrated in figure 
8-8 (A). This is called a parabolic reflector. 

To give the best concentration of light, the 
light source must be located at the focal point 
of the reflector. (The focal point is determined 


mathematically for the dimensions of the re¬ 
flector. ) If the source of light is placed at this 
point, the rays will be reflected to form a nar¬ 
row parallel beam of light. Should the source of 
light be placed a short distance outside the focal 
point, as in figure 8-8 (B), the rays would come 
together at a point some place in front of the 
reflector. If the source is placed closer to the 
reflector, as in figure 8-8 (C), the beam 
spreads. 

As discussed previously in this chapter, the 
antenna beam should be conical with a beam 
width 3° to 9°. Therefore, the feedhorn is lo¬ 
cated slightly inward from the focal point as 
shown in (C) of figure 8-8. 

COSECANT-SQUARED REFLECTORS 

The cosecant-squared reflector is a modified 
version of the parabolic reflector. Because of 
the variety of the applications of radar, widely 
different requirements must be met by different 
antennas. Antennas designed to produce special 
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Figure 8-10. - Cosecant-squared antenna and pattern. 
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polarization effects or pattern shapes may differ 
greatly from those previously described. Air¬ 
borne radar sets that are designed to scan a 
large area require a special beam shape. 

This beam should be narrow in the horizontal 
plane, but broad in the vertical plane (fig. 8-9). 
In addition, the particular area to be scanned 
must not be illuminated uniformly by the radar 
beam. Instead, the objects near the aircraft 
should be illuminated with less power than those 
farther away in the same sector, because echo 
signals from nearby objects will be strong due 
to their closeness to the aircraft. On the other 
hand, a greater amount of power should fall on 
more distant objects in this sector since they 
| would normally produce the weakest echoes. 
Thus, the radiated fields of the beam should in¬ 
crease in strength at the greater distances. 
This type of pattern is employed in radar 
bombing equipment. Figure 8-10 (A) shows 
some trigonometrical relationships of this sit¬ 
uation. 


If the aircraft is at point A in figure 8-10 (A) 
and the target is at point B, the slant range r 
(straight-line distance from A to B) can be rep¬ 
resented in terms of the aircraft altitude h and 
the angle of depression (6) of the target as seen 
from the aircraft. This represented by: 


_h 

r 


sin e 


r 


h_ 

sin 0 


; r = h esc 6 


Thus the slant range is proportional to the 
cosecant of Q. 

An antenna has been designed so that the 
field intensity pattern is also proportional to 
cosecant 0. This antenna radiates a uniform 
electric field which causes the echo response of 
a nearby target to be approximately equal to 
that of a distant target having the same radar 
cross section (reflectivity). The equality of 
response is based on the concept of power den¬ 
sity. Research has shown that power density is 
proportional to the square of field intensity. 
This particular antenna, therefore, produces 
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an electric field whose power density is pro¬ 
portional to the square of cosecant 6 . 

Recalling from a review of Basic Electronics 
that RF signal strength is inversely proportional 
to the square of the distance from the source, 
note that a balance of signal loss against signal 
gain is utilized in this antenna. As the slant 
range r (fig. 8-10 (A)) increases, 6 decreases 
and esc 6 increases. The signal strength (power 
density) is inversely proportional to the square 
of h esc 0 because the wave is RF energy; at 
the same time, the signal strength is directly 
proportional to the square of esc 6 because of 
the antenna design. (Assume that h is constant.) 
The result is a net change of zero (theoretically) 
in the signal strength up to the maximum range 
of the transmitter. The antenna which produces 
this result is called the cosecant-squared an¬ 
tenna. 


Figure 8-10 (B) shows the special parabo¬ 
loid reflector in which the top portion is bent 
forward to produce the cosecant-squared pat¬ 
tern; also shown is the pattern itself. Notice 
that this antenna produces a field of constant 
signal strength (bounded by the dotted line at 
ground level (line XY)) over a broad range of 
values of 6 . 

This same type of antenna is also used (in 
an inverted position) on the land based and ship¬ 
board systems for obtaining equal indications 
from aircraft at equal altitudes but different 
ranges. 

TYPICAL ANTENNA ASSEMBLY 

Thus far, types and characteristics of radar 
antennas used in aviation fire control equipments 
have been discussed. It should be obvious that 



Figure 8-11. -Typical antenna assembly. 
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one equipment cannot utilize all the features 
previously discussed. 

Figure 8-11 is an illustration of a typical 
parabolic reflector type antenna found in an in¬ 
tercept type fire control system. 

A functional block diagram of the antenna 
assembly is shown in figure 8-12. It should be 
noted that the azimuth and elevation servocon- 
trol circuits and the radar transmitter/receiver 
are shown in the illustration, but are not a part 
of the antenna assembly. 

For convenience of discussion, the antenna 
assembly will be divided as follows: 

1. Antenna radiator and reflector. 

2. Spin motor and reference generator. 

3. Azimuth positioning channel. 

4. Elevation positioning channel. 

5. Azimuth rate gyro. 


6. Elevation rate gyro. 

7. Antenna brake circuit. 

8. Antenna stops and limit controls. 

The transmitted pulses from the radar's 
transmitter are radiated from the feedhorn into 
the antenna reflector. Reflections of the trans¬ 
mitted pulses from the parabolic antenna re¬ 
flector form a narrow beam of transmitted 
energy. Reflections from targets within the 
beam are intercepted by the antenna reflector, 
focused at the feedhorn, and propagated through 
the waveguide to the receiver. 

The spin motor (1, fig. 8-13) which drives 
the feedhorn is a 28-volt d-c motor with an ad¬ 
justable centrifugal governor that maintains its 
speed at 12,000 rpm. The feedhorn is located 
slightly to one side of the center axis of the 
reflector and is rotated at 50 revolutions per 
second (rps) to form a conical beam. 



Figure 8-12. - Functional block diagram of antenna assembly. 
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1. 

Spin motor. 

5. 

Azimuth posi¬ 

2. 

Azimuth positioning motor 


tioning potentio¬ 


and gear train. 


meter. 

3. 

Elevation positioning 

6. 

Azimuth cams 


motor and gear train. 


and limit 

4. 

Elevation positioning potentio¬ 


switches. 


meter. 

7. 

Elevation cam. 


Figure 8-13. -Antenna gear train schematic diagram. 


The spin motor also drives a 2-phase, 50-Hz 
reference generator (not shown) which is used to 
provide a reference voltage for both the azimuth 
and elevation control channels in the automatic 
track mode of operation. The spin generator 
normally utilizes a permanent magnet rotor 
which induces a voltage in each of the output 
windings as the magnetic field is rotated. 

The azimuth positioning channel consists of 
a positioning motor (2) and a gear train, and an 


azimuth servocontrol circuit. The azimuth 
motor is a 115-volt, 400-Hz, 2-phase, a-c 
induction motor which rotates at a maximum of 
6, 000 rpm. The motor is coupled to the antenna 
through a 300 to 1 speed reduction gearbox. 

Each of the drive gearboxes contains pre¬ 
cision gears with minimum backlash. A high 
degree of precision is required to obtain angu¬ 
lar data free from the spurious harmonics that 
would be injected into the data voltages 
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(especially the angular rate voltages) if exces¬ 
sive backlash were present. 

It should be noted that the azimuth potentio¬ 
meter (5) is also mechanically coupled to the 
positioning motor through a gear train. Although 
the azimuth potentiometer is located physically 
on the antenna assembly, one section of it is 
part of the antenna position error detector cir¬ 
cuit during search mode and manual antenna 
control. 

Antenna servo control circuits are discussed 
in chapter 8 of Aviation Fire Control Technician 
3 & 2, NavPers 10387, and are not discussed 
ip this manual.lt is suggested that this material 
be reviewed to insure a thorough understanding 
of this manual. 

The elevation positioning channel is similar 
to the azimuth channel except for slight differ¬ 
ences in the gear train arrangement. The ele¬ 
vation motor (3) drives the gear train which po¬ 
sitions the antenna in elevation and the elevation 
potentiometer (4). Some antenna systems may 
also employ resolvers which are mechanically 
coupled to the azimuth and elevation drive 
mechanism. These resolvers furnish additional 
antenna positioning information to the fire con¬ 
trol computer. 

The azimuth and elevation rate gyros are 
used to detect and supply the computer the rate 
of change in azimuth and elevation data. Rate 
gyros of the type employed are discussed in 
chapter 10 of Aviation Fire Control Technician 3 
& 2, and should also be reviewed. 

The antennabrake circuit functions to stabi¬ 
lize the antenna when the equipment is in standby 
or turned off. It is accomplished by passing a 
direct current through one of the stator windings 
of each antenna positioning motor. When the 
equipment is placed in operation, the brake re¬ 
lay (fig. 8-12) disconnects the d-c source and 
applies the a-c source. 

The extent of antenna scan in both azimuth 
and elevation is controlled by adjustable cams 
and limit switches. Bumpers are also provided 
just beyond the scan limit as protection against 
overtravel. The azimuth cams and limit switches 
(6, fig. 8-13) control the azimuth limits of the 
antenna system discussed in this chapter. The 
elevation cam (7) is shown, but the limit switch 
is hidden from view. 

MAINTENANCE 

The maintenance discussions thus far in this 
manual have been limited in scope because the 
alinement and adjustment of components and 
units of a radar set are interdependent on each 


other. The same is true with an antenna assembly 
and many of the antenna alinement adjustments 
are accomplished during the performance of 
complete system checks. However, some of the 
preventive maintenance procedures peculiar to 
antenna are discussed briefly. 


ANTENNA LIMITS 

The antenna scan limit bumpers are normally 
fixed and require no adjustments. The positions 
of the azimuth cams and limit switches are 
normally specified in the Service Instructions 
Manual. For example, the specifications may 
require the switches to actuate at a setting of 
52° plus or minus 2° on each side of center. 
The steps to follow in setting the switches may 
vary with each antenna system. 


BORESIGHTING 

There are several phases to the boresighting 
procedure. The details of the procedure will 
usually vary from one fire control system in¬ 
stallation to another. Therefore, the applicable 
Service Instruction Manual should always be 
consulted for specific procedures to be followed. 
The accurate and effective delivery of aircraft 
firepower to a selected target is as dependent 
on accurate boresighting as on the proper oper¬ 
ation of the related equipment. Unless accuracy 
is maintained at a maximum, the expense of the 
equipment involved is not justified. 

The purpose of boresighting is to establish 
a specific relationship between the aircraft 
armament datum line (ADL) and the antenna RF 
axis, the optical axis, the gun bore, the optical 
sight unit, and the rocket or missle launcher. 
Any adjustment required by the guns or launchers 
will usually be made by the Aviation Ordnance- 
man. 

The boresighting procedure for purposes of 
this manual is carried out in two-phases-elec¬ 
trical boresighting and harmonization. Electri¬ 
cal boresighting is the procedure used inbring¬ 
ing the radar antenna’s RF axis into a parallel 
relationship with its optical axis. This proce¬ 
dure must be carried out before the harmoniza¬ 
tion procedure. 

Harmonization is the procedure for bringing 
the radar antenna's optical axis into a parallel 
relationship with the aircraft armament datum 
line. Harmonization also extends to the adjust¬ 
ment of the guns and optical sight unit. 
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The equipment required to carry out bore¬ 
sighting procedures will vary from one instal¬ 
lation to another. However, aboresight board 
and a telescopic boresight kit with associated 
fixtures will normally be required in all situa¬ 
tions. In any case, the applicable Service In¬ 
structions Manual should always be consulted 
for specifications pertaining to these items as 
well as other test sets and equipment required 
for boresighting. 

Electrical boresighting will require that RF 
energy be radiated. However, in most aviation 
fire control radars satisfactory harmonization 
can be accomplished without radiation, provided 
the antenna optical axis is in proper agreement 
with the RF axis of the antenna. Once accom¬ 
plished, the electrical boresight should remain 
valid as long as no portion of the antenna struc¬ 
ture is damaged, replaced, repaired, or the 
adjustments disturbed. The periodic inspections 
required for preventive maintenance will usually 
require that both electrical boresight and har¬ 
monization procedures be performed. 


LUBRICATION 


Lubrication of the antenna should be per¬ 
formed in accordance with specifications found 
in the applicable Service Instructions Manual. 
The specified lubricant will also be indicated in 
the same publication. The antenna assembly is 
the only part of a radar set that will normally 
require lubrication. It should be lubricated in 
accordance with instructions during the peri¬ 
odic inspections. Table 8-1 is a typical lubri¬ 
cation table for an antenna assembly found in 
aviation fire control equipment. 


MONOPULSE TECHNIQUES 


Thepurpose of an airborne fire control radar 
system is to supply to a computer (human or 
electronic) accurate range and pointing angle 
(directional) information concerning a target for 
use in the firing of the aircraft’s armament. 
While precise measurement of the range can be 
made by timing the radar echo, the pointing ac¬ 
curacy of a simple radar can be basically no 
better than the beam width of the antenna. The 
antenna beam width is approximately \/D (radi¬ 
us, where X is the wavelength of the radiation 
and D is the antenna width or, for a paraboloid, 


the diameter). As the beam width becomes 
narrower, the pointing angle accuracy will im¬ 
prove. Since a beam width of several degrees 
is typical of airborne fire control radar an¬ 
tennas, additional features are required in the 
system to provide the desired pointing accuracy 
of a few milliradians (which are only one or 
two hundreths of the beam width). The basic 
method of obtaining the higher accuracy may be 
termed "lobe comparison," and the numerous 
variations of the method may be classified as 
"simultaneous" and "time sequential. " 


SIMULTANEOUS LOBE COMPARISON 
SYSTEMS (MONOPULSE) 

In the simultaneous lobe comparison system, 
complete target position information is obtained 
on each pulse of the radar set. For this reason 
the system is commonly called monopulse. 

From the target echo the monopulse antenna 
derives signals which give the range of the tar¬ 
get and its direction relative to the axis of the 
antenna. There are three waveguide terminals, 
one for the transmit and range signal reception, 
and one each for azimuth and elevation error 
signal reception (fig. 8-14). The RF signals 
which appear at these three terminals are used 
to provide the d-c pointing error voltages. The 
signals picked up by the feed apertures are 
combined in such a manner that their sums and 
differences are obtained. Two types of radiation 
patterns result in each plane, a sum pattern 
(fig. 8-15) and a difference pattern (fig. 8-16). 
The sum signal is used for search operations 
and gives the range of the target. The sum pat¬ 
tern, obtained by the inphase addition of the 
echo signal received by the two apertures in one 
plane, is characterized by a main lobe of con¬ 
siderable directivity along the antenna axis. The 
difference pattern for any one plane is obtained 
from the difference between the echo signal as 
received by each of the apertures in that plane. 
From these signals the azimuth and elevation 
error signals are obtained by comparison of the 
difference signals with the sum signal in each 
plane. The difference pattern has two main lobes 
and a null on axis. The main lobes are symme¬ 
trical and equal for a difference pattern plotted 
in power; however, Jhe fields associated with 
the two lobes are 180 out of phase; and the RF 
voltage appearing at the antenna error channel 
terminals varies with angle, as in figure 8-17. 
(This description assumes perfect symmetry in 
the antenna.) 
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Table 8-1. -Antenna system lubrication chart 



Lubrication 

point 

Method of application 

Number of 
places 

Lubrication 

interval 

(hours) 

1 

Feedhorn spin 
bearings. 

Remove feedhorn assembly and pack. 

2 

200 

2 

Spin drive gears. 

Remove motor B6203 and apply lib¬ 
eral quantity of lubricant to exposed 
gears. Revolve gears to get com¬ 
plete coverage. 

3 

200 

3 

Spin air seal. 

Remove feedhorn and apply lubricant 
to air seal. 

1 

200 

4 

Azimuth sector 
gear. 

Unhook tape seal, clean, and brush 
lubricant on lightly. 

1 

200 

5 

Azimuth gearbox 
gears. 

Remove access cover and brush lu¬ 
bricant on exposed gears. Revolve 
gears to get complete coverage. 

4 

200 

6 

Elevation sector 
gear. 

Unhook tape seal, clean, and brush 
lubricant on lightly. 

1 

200 

7 

Elevation gear¬ 
box gears. 

Remove access plug button and brush 
lubricant on exposed gears. Revolve 
gears to get complete coverage. 

4 

200 

8 

Azimuth gearbox 
bearings. 

Pack half full. 

2 

1,000 

9 

Azimuth axis 
bearings. 

Pack half full. 

2 

1,000 

10 

Azimuth synchro 
and resolver 
gears. 

Brush lubricant on exposed gears to 
get complete coverage. 

5 

1,000 

11 

Elevation gear¬ 
box bearings. 

Pack half full. 

4 

1,000 

12 

Elevation axis 
bearing. 

Pack half full. 

2 

1,000 

13 

Elevation syn¬ 
chro and 
resolver 
gears. 

Brush lubricant on exposed gears. 

Revolve gears to get complete 
coverage. 

3 

1,000 
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Figure 8-14.-Three-channel monopulse radar system. 


AQ. 140 



-90 80 ° 70 ° 60 ° 50 ° 40 ° 30 ° 20 ° 10 ° 0 10 ° 20 ° 30 ° 40 ° 50 ° 60 ° 70 ° 80 ° + 90 ° 


Figure 8-15.-Typical sum radiation pattern of monopulse antenna. 
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Figure 8-16.-Typical difference radiation pattern of monopulse antenna. 



antenna will point erratically between angles 
+p and -p. A steeper characteristic decreases 
this error. The steepness of the overall char¬ 
acteristic is proportional to the slope of the 
antenna difference voltage characteristic, and 
it is desirable to design the antenna to maximize 
this slope. The error characteristic is an in¬ 
trinsic feature of the antenna and depends on the 
aperture illumination. 
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Figure 8-17.-RF voltage at error 
terminal of antenna. 

The nonlinear response of the radar receiver 
with its automatic gain control modifies the er¬ 
ror characteristic so that the final d-c error 
signal which controls the antenna pointing servos 
varies somewhat with pointing error (fig. 8-18). 
The pointing accuracy of the system is depend¬ 
ent on the steepness of the overall characteris¬ 
tic near zero. If the noise in the system has an 
amplitude as shown in figure 8-18, small error 
signals will be masked by the noise; and the 



servo input. 
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The relative level of the noise (fig. 8-18) 
depends on the signal to noise ratio, so that the 
signal to noise ratio in the final error signal 
output determines the pointing accuracy of the 
system. The overall signal to noise ratio is de¬ 
termined by the RF signal at the mixer, and 
this signal depends on both the antenna trans¬ 
mitting and the error receiving characteristics. 
The received wave is a reflection of the trans¬ 
mitted wave, and is proportional to the gain of 
the antenna transmit channel. Thus, a true 
measure of the antenna error sensitivity must 
be a function not only of the slope of the antenna 
error voltage characteristic, but also of the 
antenna transmit channel gain. 

Monopulse systems are usually classified as 
phase comparison, amplitude comparison, or 
phase amplitude comparison, depending on the 
characteristics of the antenna. 

Phase Comparison System 

In the phase comparison type, there are 
always two or more apertures in each plane that 
are fed independently. The target echoes picked 
up by the two apertures are equal in amplitude 
because the apertures are oriented together; 
but when the target is not on the axis of the an¬ 
tenna, the echoes picked up by the apertures 
differ in phase, since one aperture of the an¬ 
tenna is closer to the target than the other. 

Amplitude Comparison System 

In this monopulse system, at least two com¬ 
ponents of the feed aperture are alined in each 
plane and are generally smaller than those of 
the phase comparison type (since there is no 
need for size or geometric separation to pick 
up several phases of the incident wave). The 
target echo excites each aperture differently, 
and pointing information is derived from the 
resulting amplitude difference. 

Phase Amplitude Comparison System 

In this system (a combination of the other 
two types), error signals are obtained by phase 
comparison in one plane and by amplitude com¬ 
parison in the other. 

MONOPULSE SYSTEM ERRORS 

In any of the monopulse antenna systems, 
pointing errors can arise in two distinct ways. 
Phase or amplitude discrepancies in the re¬ 


ceived signals, which result from asymmetries 
in the feed structure or from radome refraction, 
give rise to pointing errors. A second contri¬ 
bution to the pointing error arises from the 
combined effects of the radome error and the 
asymmetries and of phase errors between the 
parallel receiver channels which are required 
in a monopulse system. Signal errors in phase 
or amplitude are always present to some de¬ 
gree, since the feed structure and the radome 
cannot be perfect. Similarly, phase discrepan¬ 
cies between receiver channels will generally 
be present. For satisfactory system perform¬ 
ance, however, it is mandatory that both sources 
of pointing error be minimized; in fact, the de¬ 
sign of IF amplifiers with satisfactory phase 
characteristics over a large dynamic range 
constitutes one of the major problems in a 
monopulse system. 

A constant phase distortion causes the an¬ 
tenna pointing angle to deviate a fixed distance 
as long as the frequency is constant; however, 
at a constant frequency, variations will occur 
in the errors introduced by amplitude distortions 
in combination with phase errors between re¬ 
ceiver channels. 

Some shift in itself is not detrimental (as 
long as the frequency is constant), since it 
merely defines anew pointing axis. The position 
of the new axis, however, varies with frequency, 
and it is the shift of the pointing axis with fre¬ 
quency which is important. The phase error 
between feeds may result from structural asym¬ 
metries in the feed, or it can result from ra¬ 
dome effects as well. Since the phase errors 
caused by the radome vary as the antenna scans, 
a variable shift in pointing axis then results, 
even with a fixed frequency. The major sources 
of error for both phase and amplitude compari¬ 
son monopulse systems are in the feed system 
as follows: 

1. For the phase comparison system the 
primary errors are phase errors, and second¬ 
ary errors are amplitude errors (in front of the 
sum and difference circuits). 

2. In the amplitude comparison systems, 
the primary errors are amplitude errors and 
secondary errors are phase errors. 

3. Both systems experience phase errors 
between receiver channels. 

TIME SEQUENTIAL LOBE 
COMPARISON SYSTEMS 

The time sequential classification includes 
conical scan and sequential lobing systems. 


206 


Digitized by LiOOQie 



Chapter 8-ANTENNAS 


Conical scanning was discussed previously and 
is compared to sequential lobing in the following 
paragraphs. 

A time sequential radar system which pro¬ 
vides only four positions in rotation is the "se¬ 
quential lobing" type (fig. 8-19). The sequential 
lobing antenna has four feed apertures. By 
means of waveguide switches, these four aper¬ 
tures may be used individually in sequence to 
provide without motion the same result as coni¬ 
cal scan but at much higher scanning speeds than 
are possible mechanically. The construction of 
sequential lobe comparison systems inherently 
provides a further advantage over conical scan: 
all four apertures transmit simultaneously; only 
one receives at a time. In this way the peak 
of the transmitted beam is on the crossover 
axis, giving a larger target reflection than in 
the conical scan system, in which the beam peak 
is displaced from the crossover axis. 


time sequential lobing entails comparison of 
two echoes separated in time, changes in the 
reflective properties (scintillation) of the 
target or fluctuation in transmitted power can 
cause false error signals. For the same 
reason, the sequential system is vulnerable to 
certain types of jamming. The higher scan 
speed obtainable by sequential lobing with wave¬ 
guide switches instead of mechanical motion 
reduces but does not eliminate these spurious 
error signals. The monopulse, deriving com¬ 
plete information from each pulse, is not sus¬ 
ceptible to these effects. 

An advantage monopulse enjoys over conical 
scan, although not necessarily over sequential 
lobing, is a greater overall angular sensitivity, 
because the target is tracked at the peak of the 
transmitted beam. In conical scan, the target 
is tracked at the beam crossover, which is 
usually near the half power point. The voltage 
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Figure 8-19. -Sequential lobing radar system. 


COMPARISON OF MONOPULSE WITH 
TIME SEQUENTIAL SYSTEMS 

The essential characteristic of both the 
conical scan and sequential lobing systems is 
that they measure echoes received at different 
times. (See fig. 8-20.) The monopulse systems, 
on the other hand, derive all range and pointing 
information from each single pulse echo (figs. 
8-21 and 8-22). The classification of fire 
control antennas as simultaneous lobe compa- 
rison or time sequential lobe comparison is 
made because a significant advantage of mono¬ 
pulse appears in this connection. Since 
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sensitivity is essentially equal for both mono¬ 
pulse and conical scan antennas, but the 
overall angular sensitivity is less for the 
conical scan because of the weaker echo. The 
sequential lobing antenna can be designed to 
track the target at the peak of the transmitted 
beam and can avoid the power loss inherent in 
the conical scan. However, with a sequential 
lobing system, the RF noise produced in the 
received signal by existing lobe switching tubes 
is a major disadvantage. 

In a conical scan antenna, input impedance 
varies with rotation of the scanning mechanism. 
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Figure 8-20. -Typical fire control antenna 
beam-conical scan. 



AQ. 147 

Figure 8-21. -Typical fire control antenna 
beam-phase comparison monopulse. 

The changing load presented to the magnetron 
causes fluctuations both in frequency and in 
power. A unilateral device, such as a ferrite 
gyrator, is necessary to overcome this prob¬ 
lem. The input impedance of a monopulse 
antenna remains essentially constant, since 
there are no moving elements except the rotary 
joints. 

Mechanically, the monopulse antenna is 
somewhat more complex than the conical scan 
type, but there are no moving parts in the an¬ 
tenna proper. Since the antenna feed has 
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Figure 8-22. -Typical fire control antenna 
beam-amplitude comparison monopulse. 

no bearings or drive mechanisms, the mono¬ 
pulse system is less subject to mechanical 
breakdown. Pressurization may be easier. 
However, the additional rotary joints which are 
necessary if receiver components are not 
mounted on the antenna are an added complexity. 
Although monopulse antennas vary in weight 
from type to type, they compare favorably with 
the conical scan when the weight of the spin 
motor and resolver is considered. 

In sequential lobe comparison and conical 
scan systems, the pointing error information 
appears as an amplitude modulation of the 
received signal. Only one channel, involving 
one rotary joint in each gimbal axis, one 
mixer, and one IF amplifier, is necessary 
to carry this information. In a sense this 
single channel is time-shared. The mono¬ 
pulse system, on the other hand, deriving 
complete pointing information from each pulse 
echo, cannot time-share one channel, but re¬ 
quires two or three. The multiplicity of re¬ 
ceiver components and rotary joints adds 
weight and complexity and tends to decrease 
the electrical reliability. The additional ro¬ 
tary joints may be avoided by mounting some 
receiver components on the antenna, although 
this arrangement adds inertia to the antenna 
and requires the use of flexible cables. The 
decision whether to suffer the additional ro¬ 
tary joints or to avoid them by placing re¬ 
ceiver components on the antenna is an in¬ 
volved one which must be reached for each 
particular application. 
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CHAPTER 9 


RADAR RECEIVERS 


In the previous chapter the importance of de¬ 
veloping an extremely high powered pulse by 
the transmitter was discussed. Although the 
high power pulses are radiated in a narrow 
beam, only a small part of the radiated energy 
actually strikes a distant target. Since the 
energy striking the target is reflected or re¬ 
radiated over a wide angle, only a very small 
part of the transmitted energy is returned to 
the radar’s antenna. Thus, the function of the 
radar receiver is to receive the weak target 
echoes from the antenna and amplify them suf¬ 
ficiently to provide the indicator with the de¬ 
sired target information. Consequently, the 
weaker the signal which the receiver can use, 
the greater the effective range of the radar set. 

RECEIVER REQUIREMENTS 

Before considering the details of operation 
of the radar receiver, some of the requirements 
it must fulfill are reviewed. 

SIGNAL TO NOISE RATIO 

The name commonly given to small random 
fluctuating voltages present in the input stages 
of radar receivers is noise. In a radar set the 
noise voltages cause unwanted deflections of the 
electron beam in electrostatic deflection sys¬ 
tems, and erratic fluctuations in intensity of 
the beam in intensity modulated systems. (The 
causes of noise are discussed later in this 
chapter.) 

Though noise voltages are highly undesirable 
in radar receivers, they cannot be completely 
avoided. Although receivers have been built 
having greater input sensitivity, their operating 
limit is determined by the noise level within 
the receiver. When the signal voltage level 
falls below the noise voltage level, the return¬ 
ing signals are obscured by noise on the indica¬ 
tor. A further increase in amplification is 
useless because the noise and signal voltages 
are both amplified equally. Therefore, the 
highest obtainable signal to noise ratio is de¬ 
sired in the input stage of a radar receiver in 
order to make the signal at the indicator dis¬ 
cernible from the noise. The loss of small 


amounts of power in the echo signal or the ad¬ 
dition of an equally small noise power in the 
input stage may reduce the maximum range of 
the radar set as much as the loss of large 
amounts of power from the transmitter. Thus, 
the sensitivity of a radar receiver is measured 
by the smallest input signal that can produce an 
output signal discernible against the noise back¬ 
ground on the indicator. 

NOISE 

Before considering the causes of receiver 
noise, its effect will be discussed. The lack of 
low noise RF amplifiers capable of successfully 
operating in the microwave region has resulted 
in the RF signal being converted directly to an 
IF signal in a crystal mixer before it is ampli¬ 
fied. Thus, weak incoming signals could be lost 
in the noise of the mixer and input circuit of the 
first amplifier stage. 

Not only must the noise level in a radar re¬ 
ceiver be kept low, but every effort must be 
made to minimize attenuation of the received 
signal before it reaches the amplifier stages. 
The most common causes of noise in radar re¬ 
ceivers are generated by the following: 

1. Thermal agitation within electronic com- 
ponents-varies directly with temperature. 

2. Shot noise-vacuum tube noise resulting 
from the shot effect of electrons leaving the 
cathode with random changes in velocity, which 
produce random changes in plate current. 

3. Induced grid noise (vacuum tube), which 
results from the electrons passing by the con¬ 
trol grid when flowing from cathode to plate. 

Noise generated or induced in the mixer or 
other input stages of the receiver is most 
critical since it will receive equal amplification 
as the input signal throughout the remainder of 
the receiver. Therefore, the overall signal to 
noise ratio of a radar receiver will be largley 
determined by the noise introduced in the first 
stage. 

BANDPASS 

The input to the receiver amplifiers consists 
of minute rectangular pulses of RF energy. In 
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addition to being able to pass the carrier (inter¬ 
mediate frequency), the amplifying stages must 
be capable of amplifying the modulation fre¬ 
quency. It should be recalled that a perfectly 
square wave consists of a fundamental frequency 
sine wave plus an infinite number of odd har¬ 
monics. Thus, to pass signals of this broad 
frequency range, radar receivers use amplifiers 
that have a relatively wide bandpass character¬ 
istic. Improper alinement of the receiver's 
amplifiers may cause distortion and loss of gain 
to target, resulting in poor target definition, re¬ 
duction of range, and reduced accuracy of range 
measurements. All are highly important in 
fire control radars. 

TUNING 

Radar transmitters (magnetrons) used in 
most aviation fire control equipment have rel¬ 
atively poor frequency stability. As the radar 
antenna rotates, the antenna impedance may 
change. Thus, the load presented to the trans¬ 
mitter changes, and the output frequency of the 
magnetron changes. Other inherent factors 
cause considerable magnetron frequency shift 
over longer times. When the output frequency 
of the magnetron changes, the receiver must be 
retuned automatically if it is to receive the re¬ 
flected echoes. Therefore, radar receivers 
must have the necessary circuitry to provide 
for automatic tuning- commonly called auto¬ 
matic frequency control (AFC). 

FUNCTIONAL OPERATION 

Radar receivers found in aviation fire con¬ 
trol equipment use superheterodyne circuits of 
the single-conversion type (single intermediate 
frequency). Superheterodyne receivers are dis¬ 
cussed in detail in chapter 14 of Basic Elec¬ 
tronics, NavPers 10087-B, and should be stud¬ 
ied prior to continuing in this chapter. Although 
the receiver circuits discussed are primarily 
broadcast and communication receivers, their 
basic principles of operation are applicable to 
radar receivers. 

Radar receivers differ from communication 
receivers in the following respects: 

1. Radar receivers must detect received 
signals of approximately the same amplitude as 
the random noise generated by resistors, vac¬ 
uum tubes, and other electronic components in 
the input stage. 

2. Radar receivers must be much more 
sensitive than communication receivers, in 


which static limits the smallest signal that can 
be heard. 

3. Radar receivers must receive very short 
pulses of RF power reflected from distant tar¬ 
gets. 

The pulses returned to a radar receiver 
have widely varying amplitudes and distorted 
waveshapes. To determine target range ac¬ 
curately, pulse wavefronts must rise very rap¬ 
idly. To reproduce these rapidly changing sig¬ 
nals, the radar receiver bandwidth must be 
very wide. 

The block diagram illustrated in figure 9-1 
is representative of a typical superheterodyne 
type radar receiver which is found in most 
aviation fire control radar sets. 

Referring to the block diagram, RF energy 
from the antenna is fed to the mixer. Crystal 
mixers are used as the first stage in most 
radar receivers because of their high signal to 
noise ratio and simplicity. One type of crystal 
mixer is discussed in chapter 12 of Aviation 
Fire Control Technician 3 & 2, NavPers 10387. 
Other types are considered later in this chapter. 

The local oscillator couples its output 
through the waveguide to the mixer. The local 
oscillator, as used in most microwave re¬ 
ceivers, is discussed in Aviation Fire Control 
Technician 3 & 2 and is discussed in greater 
detail later in this chapter. The heterodyne 
action produces a difference frequency which is 
used as the intermediate frequency. This dif¬ 
ference frequency may range from 30 to 100 
MHz, but in most aviation fire control receivers 
the IF is either 30 or 60 MHz. 

The IF amplifier consists of a preamplifier 
and an IF strip. The preamplifier is physically 
located near the crystal detector to prevent 
loss or attenuation of the signal before it can 
be amplified. The input circuit of the first pre¬ 
amplifier stage is tuned to the intermediate 
frequency and bypasses all other unwanted fre¬ 
quencies to ground. (NOTE: It is in this section 
of the receiver where noise generation must be 
rigidly controlled.) The preamplifier normally 
consists of at least two stages of amplification, 
the first of which may be a cascade type. Its 
output is fed to the main amplifier which is 
normally referred to as the IF strip. 

The IF strip consists of several stages of 
double-tuned IF amplifiers. They are double 
tuned to broaden the bandpass of the receiver 
for better fidelity. The gain of the IF amplifier 

fi 19 

is normally between 10 and 10 , and can be 

varied by altering either the control grid bias 
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Figure 9-1. -Block diagram of a radar receiver. 
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or the screen voltage of one or more stages. 

The greatly amplified signal is then fed to 
the detector, usually a conventional diode de¬ 
tector, where the video signal is removed from 
the IF carrier. The detector filters used in 
most aviation fire control radar receivers must 
be a long RC to the IF frequency and a short 
RC to the video envelope. Thus, the intermedi¬ 
ate frequency is shorted to ground and the de¬ 
tected video pulses are passed to the next stage. 

The video amplifier receives the detected 
pulses and amplifies them to the magnitude re¬ 
quired to operate the indicator. The input to 
the video amplifier is in the form of rectangular 
pulses which are made up of an infinite number 
of odd harmonics. Therefore, the video ampli¬ 
fiers must be designed for a wide bandpass in 
order to amplify the principal harmonics and 
' preserve the shape of the input waveform. 

The output from the video amplifier is fed 
! to the video output cathode follower. The cath¬ 
ode follower is used as an impedance matching 
I device between the video amplifiers and the 


indicator. It also serves as a power amplifier 
to drive the indicator. In the case of remotely 
located indicators, it is also used to match the 
impedance between the video amplifiers and 
the interconnecting coaxial cable. 

The last block to be discussed in figure 9-1 
is the automatic frequency control (AFC) cir¬ 
cuit. The AFC circuit is used to automatically 
adjust the local oscillator frequency so that the 
radar receiver is always tuned to the radar 
transmitter frequency. Remember, the loading 
of a radar transmitter often changes as the 
transmitting antenna rotates (scans). The fre¬ 
quency of a microwave oscillator is very sen¬ 
sitive to changes in load impedance. Thus, as 
the transmitting antenna of a microwave radar 
is rotated, the transmitter frequency changes. 
If the receiver frequency does not also shift, 
these frequency changes may be so great that 
the received signal is outside of the receiver 
bandpass. In these cases, automatic frequency 
control is used to automatically track the radar 
receiver tuning with the transmitter frequency. 
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Although many different types of automatic 
frequency control circuits are used in micro- 
wave radars, all AFC systems are basically 
similar in operation. Practically every AFC 
system has circuits that produce an output volt¬ 
age proportional to the change in transmitter 
frequency. This output voltage changes the 
local oscillator output frequency in such a way 
that the radar receiver remains tuned to the 
transmitter frequency. 


CONVERTER CIRCUITS 

The converter circuits include those circuits 
which are necessary to convert the returning 
microwave signal to an intermediate frequency 
that can be amplified. They are the mixing 
chamber, the local oscillator, and the crystal 
detector. Each is discussed in the following 
paragraphs. 

MIXING CHAMBER 

The mixing chamber consists of a special 
section of waveguide construction to provide 
proper coupling of received RF and local oscil¬ 
lator signals to one or two crystals which ter¬ 
minate the waveguide. Since the crystal rec¬ 
tifiers are nonlinear devices, rectification of 
these signals results in the formation of the 
"beat” or "IF" frequency. 

LOCAL OSCILLATORS 

The local oscillator must be capable of pro¬ 
ducing an output frequency equal to the trans¬ 
mitter frequency, plus or minus the IF, and 
must be tunable over a range of several mega¬ 
hertz. In addition, the power output need not 
be more than 20-50 milliwatts. An excess of 
power could cause the maximum current of the 
crystal detector to be exceeded. Because the 
reflex velocity modulated tube or klystron 
meets these requirements better than any other 
type of tube now in production, it is u s e d al¬ 
most exclusively for local oscillators in micro- 
wave radar receivers. 

The frequency range of klystrons is from 
approximately 500 to 50, 000MHz.Klystrons can 
be used as amplifiers and oscillators both at 
high power levels and at low power levels. Kly¬ 
strons, like conventional electron tubes, are 
manufactured in a wide variety of types and 
sizes. 


Theory of Operation 

In the circuit of the reflex klystron (fig. 9-2), 
note the arrangement of the electrodes and the 
voltages involved for operation. 
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Figure 9-2. -Circuit of a reflex 
klystron oscillator. 

It is important to consider the cause of os¬ 
cillations in resonant cavities. In most oscilla¬ 
tors, oscillations start from some irregularity 
in current flow, such as a transient that re¬ 
sults from voltage being suddenly applied to the 
tube or from shot effect. With this in mind, as¬ 
sume that the oscillations in the resonant cav¬ 
ities are already taking place. From this as¬ 
sumption examine the source of the energy 
needed to sustain these oscillations. 

With the tank circuit oscillating, a high fre¬ 
quency voltage, e, appears between the two 
cavity grids. This causes the electric field 
between these grids to reverse twice during 
each complete cycle of operation. As the elec¬ 
trons approach these grids, the electron stream 
is uniform. The time that is required for the 
electrons to pass through the small distance be¬ 
tween the grids is short compared to the period 
of oscillations. Electrons which enter the space 
between the grids when e is zero will encounter 
no a-c electrical field and they will passthrough 
at their initial velocity. The electrons which 
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Figure 9-3. -Bunching action of a reflex klystron. 


enter the space when e makes grid G1 positive 
with respect to grid G2 will encounter a field 
which tends to accelerate them. The amount of 
acceleration is a function of e. Electrons en¬ 
tering the space when e is reversed in polarity 
are decelerated. The change in velocity due to 
acceleration and deceleration is small in com¬ 
parison with the original velocity. Those elec¬ 
trons which are accelerated most will travel 
farther toward the repeller plate before being 
turned back, while those that are decelerated 
most will be turned back sooner. Thus it is 
conceivable that with the proper magnitudes of 
e, E a and E^, electrons returning to the cavity 

grids will arrive in bunches. 

Figure 9-3 shows the position of electrons 


in the tube at various times during their transit. 
The zero distance position, taken as the base¬ 
line in the graph, is midway between the cavity 
grids. Electron A, which arrives when G2 is 
positive, is accelerated and travels farther be¬ 
fore being turned back; electron B is unaffected; 
electron C is decelerated and turns back after 
a shorter excursion. Hence, in the diagram 
these electrons and the ones passing through at 
intermediate times are shown as arriving back 
at the grids at the same instant of time. This 
is the ideal situation, but it is not difficult to 
see that electrons will return to these grids in 
a stream which varies in intensity at the fre¬ 
quency of the oscillations. Due to this fact, this 
tube is called a reflex velocity modulated tube 
because the electrons reverse direction and 
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travel through the inter electrode space twice. 

On the return trip the electric fields set up 
by the voltage e again act upon the electrons. 
Since they are now trav'ang from G2 to Gl, 
they will be decelerateu if they return when G2 
is positive in respe* 1 to Gl and accelerated if 
they arrive when G2 is negative. When an elec¬ 
tron is accelerated by an electric field, its 
kinetic energy increases; this additional energy 
is taken from the electric field. On the other 
hand, an electron which is decelerated gives up 
energy to the electric field. If the bunches of 
electrons can be made to arrive back when G2 
is positive, they will give up energy to the al¬ 
ternating field. For maximum transfer of en¬ 
ergy the bunches must arrive when G2 is maxi¬ 
mum positive. The question arises as to where 
this energy originates. Remember that if the 
electron stream from the cathode is uniform, 
some electrons are accelerated and some are 
decelerated on the outbound trip by the electric 
field of e. On the average, as many electrons 
absorb energy from the field as give up energy 
to it. Hence, very little net energy is taken 
from the oscillating circuit during the bunching 
process. The average kinetic energy of the 
electron is that imparted to it by the d-c volt¬ 
age of E . Thus, some of the energy taken 
a 

from the d-c electric field is transferred to 
the a-c field to sustain the oscillations. The 
power output is taken from the klystron with an 
inductance loop located inside the resonant 
cavity. 

Modes of Operation 

It is not necessary that the bunches of elec¬ 
trons return to the grids on the first positive 
swing of G2. Figure 9-3 indicates that if the 
bunches arrive on the second positive swing, 
the qet result is the same. The time in transit 
for the average electron B is 3/4 cycle, 1 3/4 
cycles, 2 3/4 cycles, etc. In actual practice 
there are three or four 'modes" in which it is 
possible for the refle velocity modulated tube 
(klystron) to oscillate. The dark lines in the 
illustration indicate paths of electrons operat¬ 
ing in the first mode while the light lines in¬ 
dicate paths of electrons operating in the second 
mode. A third mode is possible when the aver¬ 
age transit time is 2 3/4 cycles, etc. 

The following shows how the transit time is 
controlled to produce oscillations in the dif¬ 
ferent modes. Since the original velocity of an 
electron depends on the d-c voltage E , and 

a 

since the distance that the electron travels be¬ 


fore turning back and the speed with which it 
returns depend upon the difference between E 

cl 

and E R , it is possible to adjust the two voltages 

E a and E R for any of the modes. The voltage 

E is usually fixed in magnitude since varying 
a 

it produces greater initial velocity. This in 
turn would cause a farther excursion and a 
greater return velocity. E R is made variable 

since it is not feasible to make E variable. 

a 

For operation in the first mode, the round trip 
must be completed in the shortest time. This 
is accomplished by making the repeller plate 
highly negative. For longer periods of inter¬ 
electrode space travel for higher modes (second 
mode, etc.), the repeller is made less negative. 

Power and amplitude limitations are due to 
overbunching as well as the usual losses in the 
oscillatory circuit. Overbunching occurs in the 
following way. As oscillations build up and e 
becomes greater, the amount of acceleration 
and deceleration increases. This causes bunch¬ 
ing to occur within a shorter period of time; 
that is, in a time before the electrons reach the 
grids on the return trip. This tends to reduce 
the magnitude of oscillations. In the higher 
modes of oscillation where the bunches are 
formed more slowly, the electrons are more 
susceptible to overbunching. The magnitude of 
e which results in overbunching is therefore 
lower and oscillations are limited by this action 
to a lower amplitude than in the lower modes of 
operation. 

As shown in figure 9-4, the frequency of os¬ 
cillations in a reflex klystron is variable to a 
limited degree in any of the modes of operation 
by means of varying the repeller voltage. When 
the repeller voltage is varied, it causes a bunch 
to return a little sooner or a little later than 
normal. Off resonance, the amplitude of oscil¬ 
lations decreases by an amount which depends 
on the Q of the cavity. In this tube the tuning 
range is small in comparison to the frequency 
of oscillations and varies somewhat from one 
mode to another, being greatest in the highest 
mode. This can be explained from the fact that 
in the highest mode, bunching and debunching 
take place at a slower rate and that greater 
variation from the ideal time of return is pos¬ 
sible without debunching, causing the amplitude 
of oscillations to drop below this usable output 
level. Another way to look at it is that in the 
highest mode the interval between leaving the 
grids and returning is greater, and the change 


214 


Digitized by Google 




Chapter 9-RADAR RECEIVERS 


♦ 



BUNCHES TO FORM 


AQ. 152 

Figure 9-4. -Power output and frequency versus repeller voltage. 


in period represented by a given change in fre¬ 
quency is a smaller portion of the interval. To 
illustrate, in the third mode the interval before 
return must be about 2 3/4 cycles. A small 
change in the period of e would therefore be 
only 3/4 divided by 2 3/4 or 3/11 as great a 
portion of the interval as it would if operation 
were in the first mode where the ideal time in¬ 
terval is 3/4 cycle. 

The band of frequencies which can be ob¬ 
tained by varying the repeller voltage lies be¬ 
tween the half-power points shown in figure 
9-4. This range of frequencies is known as the 
electrical bandwidth. The output curves of the 
bandwidth are unsymmetrical about the maxi¬ 
mum output points. This results from the fact 

that if E is increased, not only does the bunch- 
K 

ing voltage e decrease and cause bunches to 
form at a later time, but the repeller voltage 
causes a quicker return and the effects of the 
action add to cause poor bunching at the time 
the electrons return, resulting in a rapid drop 
in output on the high side of the hump. At lower 
voltages, however, even though the bunching 
voltage e decreases and causes slower bunching, 
the decreased repeller voltage causes a later 


return to the grids so that the two effects are 
counteracting and a greater change in repeller 
voltage is possible before the output drops be¬ 
low the usable level. 

The choice of the point and mode of operation 
is a compromise of several factors. To begin 
with, there are three or four modes which have 
the necessary power output. On the whole, it 
would seem then that the correct choice would 
be the highest mode, for it gives the largest 
tuning range. The highest mode, however, is 
too sensitive to a change in voltage to be well 
regulated. Since the humps are unsymmetrical, 
the point of operation is usually chosen a little 
below the point of maximum output. This makes 
it possible to tune above the operating frequency 
by a greater amount than if the maximum point 
were used. 

In normal operation of a radar set, the re¬ 
flex klystron is usually tuned automatically. 
However, this constitutes only a fine adjust¬ 
ment of the klystron. The coarse or primary 
factor in determination of the klystron’s output 
frequency is the spacing between grids G1 and 
G2. A mechanical adjustment is provided which 
physically controls their spacing. Moving the 
grids closer together increases their capacity 


215 


Digitized by Google 








AVIATION FIRE CONTROL TECHNICIAN 1 & C 


and consequently reduces the output frequency. 
Although this may also reduce the overall size 
of the resonant cavity, its effect is small as 
compared to the effect of the change of capaci¬ 
tance. 

An adjustment is normally included to permit 
the setting of the repeller plate at its proper 
level for the correct mode of operation. 

It has been found advisable in the later types 
of equipment to operate the klystron’s local os¬ 
cillator at a point of maximum output (klystron 
tuned for maximum crystal current). This is 
necessary because the noise output of the local 
oscillator is at a minimum at this point. Maxi¬ 
mum output is obtained when the klystron’s 
cavity is resonant to the output frequency. In 
order to accomplish this in a practical instal¬ 
lation utilizing a tunable magnetron, it is nec¬ 
essary that a tuning mechanism be used that 
will permit remote control of the cavity dimen¬ 
sions of the klystron. 

One method of accomplishing this is through 
the use of a remotely controlled cavity tuning 
motor. A second and more recent method is 
thermal tuning, as discussed in chapter 12 of 
Aviation Fire Control Technician 3 & 2. 

CRYSTAL MIXERS 

Much of the material that follows in this 
chapter is reprinted by permission from Prin¬ 
ciples of Radar, Third Edition, by Members of 
the Staff of the Radar School, Massachusetts 
Institute of Technology, Copyright 1952, 
McGraw-Hill Book Company, Inc. 

The name ’’mixer" refers to a nonlinear de¬ 
vice in a superheterodyne receiver in which a 
continuous local oscillator wave and a modulated 
RF signal wave are combined to produce an in¬ 
termediate frequency wave carrying the same 
modulation as the RF wave. Since there are no 
vacuum tubes capable of performing this func¬ 
tion satisfactorily at radar frequencies, most 
radar receivers use crystals as mixers. 

Before discussing mixing circuits, the crys¬ 
tal will be discussed. A small piece of silicon, 
galena, or iron pyrite is capable of providing 
the nonlinear characteristic required for mix¬ 
ing. When a crystal of one of these elements is 
in contact with a sharp pointed wire, the ar¬ 
rangement will offer a different resistance to 
current flow from the crystal to the wire than it 
does from the wire to the crystal. Such a de¬ 
vice is called a crystal rectifier or a crystal 
mixer. (Do not confuse this type of crystal 
with a piezolelectric crystal which is used to 
control the frequency of oscillators.) 


In radar sets, the crystal is normally sili¬ 
con and the wire is tungsten. Since some spots 
on a crystal are more sensitive than others, the 
point of the tungsten wire ("cat whisker") is 
placed in contact with the most sensitive part. 
The contact is made permanent by using a seal¬ 
ing compound and mounting the assembly in a 
watertight, standard sized cartidge, as shown 
in figure 9-5. 
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Figure 9-5. -Crystal detector. 

A basic equivalent circuit of a mixer and its 
associated waveforms are shown in figure 9-6. 
The signal source and the local oscillator send 
current through the tuned circuit comprising 
L g and C g . Thus the mixer input voltage e is, 

as shown in figure 9-6 (B), the sum of a con¬ 
tinuous sine wave e_ c _ of local oscillator fre- 

Uot 

quency and a pulse modulated wave e_ of signal 

frequency. The local oscillator is represented 
as a current source because it is coupled to the 
mixer through a high impedance to prevent loss 
of signal power to the oscillator. The L_C_ 

b b 

circuit is tuned to the frequency of I in order 

s 

that the largest possible signal voltage may be 
applied to the mixer. Nevertheless, the local 
oscillator component of e is ordinarily enor¬ 
mous in comparison with the signal voltage; the 
oscillator voltage is of the order of a few tenths 
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of a volt, whereas the signal voltage may be 
less than a microvolt. 

Because the crystal conducts current more 
readily in one direction than the other, the 
crystal current i is an unsymmetrical wave, as 
shown in (B) of figure 9-6. During periods 
between the application of signal pulses, crystal 
current i comprises a d-c component of e Qgc . 

When a signal pulse is applied, additional fre¬ 
quency components appear. In particular, be¬ 
cause the average value of i increases and 
decreases in correspondence with the beat- 
frequency envelope of e, a current component at 
the difference frequency of the oscillator and 
the signal wave appears. By proper adjustment 
of the oscillator frequency, the difference fre¬ 
quency can be made to equal the desired inter¬ 
mediate frequency of the receiver. 

In aviation fire control radar, two general 
types of crystal mixers are used. They are the 
single-ended crystal mixer and the balanced 
crystal mixer, with the balanced mixer predom- 



(A) BASIC EQUIVALENT CIRCUIT 
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Figure 9-6.-Diagram explaining 
mixing principles. 


inant. Each will be discussed in detail in the 
following paragraphs. 

Single-Ended Crystal Mixer 

Most single-ended crystal mixer assemblies 
found in aviation fire control radars include 
provisions for an additional or separate mixer 
for generating IF signals for the automatic fre¬ 
quency control circuit. Figure 9-7 illustrates 
such an assembly. 

Local oscillator power and RF echo signals 
from the TR cavity are coupled into waveguide 
1, which serves as the echo signal channel. A 
crystal extends between top and bottom walls of 
the guide, the lower end of the crystal being iso¬ 
lated from the guide by means of a dielectric 
washer. Echo signal voltages in the intermed¬ 
iate frequency band appear between the lower 
end of the crystal and the waveguide and are 
conducted to the input circuit of the IF ampli¬ 
fier, usually over a coaxial cable. 

Waveguide 3 is similar in construction to 
waveguide 1 and serves as the AFC channel. 
Power from the local oscillator and a small 
amount of the transmitter pulsed power are ap¬ 
plied to the AFC crystal, and IF signals for the 
AFC circuit are derived at the lower end of the 
crystal mount, as before, ,'^tenuation between 
the transmitter main guide and guide 3 is pro¬ 
vided by means of a circular waveguide section 
operating below cutaE* Sometimes a disk type 
of attenuator is deluded in the circular section 
to reduce further the amount of transmitter 
power reaching the mixer assembly. 

The local oscillator tube is mounted above 
waveguide 2 in a manner that permits the local 
oscillator output probe to extend a short dis¬ 
tance into guide 2. The coupling probe may be 
displaced slightly from the center of the trans¬ 
verse axis of the guide in order to obtain a load 
impedance for the oscillator which yields a 
reasonably uniform power output over the tuning 
range. 

Local oscillator power is coupled from guide 
2 into guides 1 and 3 through coupling apertures 
located in the side walls of the guides. A 
matching post and tuning screw extending from 
top and bottom walls of the guides at the aper¬ 
ture locations serve to regulate the amount of 
local oscillator power coupled to the mixer cir¬ 
cuits. 

For optimum performance of the radar sys¬ 
tem, the echo signal channel of the mixer should 
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Figure 9-7. -A 3-cm single-ended mixer. 
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provide a matched load impedance to the wave¬ 
guide transmission system. The elements that 
determine the mixer input impedance are shown 
in the equivalent circuit of figure 9-7 (B). The 
equivalent circuit is derived by dividing guide 1 
into three sections of lengths pd^, pdg, and pdg 


and representing the sections by equivalent 
lengths of transmission lines (lines A, B, and 
C in fig. 9-7 (B)). The signal current generator 
I c in shunt with R„ in the equivalent circuit ac- 

counts for the portion of the RF system between 
antenna and mixer. The coupling aperture 
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between local oscillator and mixer guides (guides 
1 and 2) is represented by a variable inductance 
L, and in shunt with L is an impedance Z which 
accounts for the impedance seen in the direction 
of the local oscillator guide. The parallel com¬ 
bination of L and Z terminates a quarter-wave 
section of line which is in shunt with lines A 
and B. At the echo signal frequency, the im¬ 
pedance of L and Z in parallel is maintained 
small enough in comparison with the character¬ 
istic resistance of the quarter-wave line to 
make the input impedance of the quarter-wave 
section extremely high and hence the amount of 
echo signal power entering the local oscillator 
guide extremely small. 

The crystal is located at the junction of lines 
B and C, as shown in figure 9-7 (B), and across 
the crystal output terminals is a series RLC 
circuit. The counterpart of the RLC combina¬ 
tion in figure 9-7 (A) is an RF choke in the IF 
output lead of the mixer. The choke prevents 
RF signals from entering the input circuit of 
the IF amplifier. 

The length of shorted-end line C must be 
such that the input admittance of line C, in 
shunt with the RF admittance of the crystal, 
provides essentially a matched load for line B. 
Varying the length of line C changes the sus- 
ceptance component of the total admittance at 
the crystal location. A length of approximately 
X./4 is usually preferable in order to minimize 
changes in admittance with frequency. 

Balanced Crystal Mixers 

The noise introduced into the input circuit 
of a microwave receiver by the local oscillator 
may be reduced appreciably through use of a 
balanced mixer. An input circuit of this type 
employs two crystal mixers connected so that 
the local oscillator voltages applied to each 
crystal are in phase and the echo signal voltages 
at each crystal are 180° apart in phase. As 
explained below, this method of circuit connec¬ 
tion causes the IF components of local oscillator 
noise to cancel in the IF amplifier input circuit 
and the IF components of the signal to add. Be¬ 
cause of their ability to suppress local oscilla¬ 
tor noise and because of certain additional 
advantages to be discussed later, balanced 
mixers are often preferable to single-ended 
mixers. They are presently finding wide use 
in microwave radar systems. 

The basic principles of a balanced mixer 
may be explained from the diagram of figure 
9-8, which shows two crystals mounted a half 


wavelength apart (at the signal frequency) be¬ 
tween conductors of a coaxial line section. 
Each crystal is located a quarter wave from 
the nearer end of the line, and the local oscil¬ 
lator signal is coupled to the line by means of a 
probe at a point midway between the crystals. 
The output terminals of the crystals are con¬ 
nected to an IF transformer, the primary wind¬ 
ing of which is balanced to ground. The signal 

current generator I in shunt with resistance 
s 

R accounts for signals entering the mixer from 

V 

the TR device. 
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Figure 9-8.-Balanced mixer circuit. 


The local oscillator coupling probe gives 
rise to two waves traveling in opposite direc¬ 
tions in the coaxial line. Assume that at the 
local oscillator frequency the TR device pre¬ 
sents a short circuit to the local oscillator wave 
traveling to the left in figure 9-8 and that the 
crystals have identical RF impedance equal to 
twice the characteristic resistance of the line. 
Then inphase local oscillator voltages of equal 
amplitude appear at the crystals. Because of 
the 180° spacing between crystals, the RF echo 
signal voltages at the crystals are also of equal 
amplitude but are 180° apart in phase. An in- 
phase relation between local oscillator and 
echo signal voltages produces an IF signal volt¬ 
age of one phase and a 180° phase relation be¬ 
tween local oscillator and echo signal voltages 
produces an IF signal voltage of opposite phase. 
Thus the two IF echo signal voltages add in the 
balanced input circuit of the IF amplifier. Be¬ 
cause the noise that accompanies the local 
oscillator signal produces voltage components 
bear the same phase relation to the local oscil¬ 
lator voltage at each crystal, the corresponding 
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IF components of noise at the output of each 
crystal are in phase and hence produce no re¬ 
sultant noise voltage across the IF transformer. 

In order to realize full benefit from use of a 
balanced mixer circuit, the crystals should 
have similar RF impedances as assumed above; 
and in addition they should have similar con¬ 
version gains. Under these conditions of oper¬ 
ation, only one-half the available RF power is 
applied to each crystal; but since the IF signal 
powers from the crystals add together, the total 
IF power is the same as that obtained from a 
single-ended mixer. Since IF components of 
local oscillator noise are almost completely 
eliminated, maximum reduction in overall 
noise figure is obtained. 

An imbalance in conversion gain yields an 
imbalance in the IF signal voltages obtained 
from each crystal and also an imbalance in the 
local oscillator noise voltages at the crystal 
output terminals. However, since the IF signal 
voltages are additive in the crystal output cir¬ 
cuit and the local oscillator noise components 
are subtractive, small imbalances in conver¬ 
sion gains do not seriously affect the overall re¬ 
ceiver noise figure. 

More important are the effects of a differ¬ 
ence of the RF admittances of the crystals. An 
imbalance of this type causes both the echo sig¬ 
nal power and the local oscillator power to 
divide unequally between the two crystals. As 
a result, the IF signal power obtained from the 
mixer is appreciably reduced, and in addition 
the local oscillator noise is prevented from 
canceling completely in the IF input circuit. 
Crystals intended foruse in a mixer constructed 
as shown in figure 9-8 must be carefully se¬ 
lected on the basis of equal RF admittances in 
order to insure most satisfactory operation. 

A balanced mixer that is superior in several 
respects to the coaxial line mixer just described 
is shown in figure 9-9 (A). This mixer employs 
a waveguide hybrid junction of the type dis¬ 
cussed in chapter 6; this junction is often called 
a magic T. Crystals are located in one pair of 
entries (arms 3 and 4). Usually in a mixer of 
this type the input circuit of the IF amplifier is 
also arranged in the form of a hybrid junction. 
Details of connections of the IF amplifier input 
circuit, together with the ideal transformer 
equivalent circuit of the waveguide junction are 
given in the right-hand block of figure 9-9 (B). 
The parallel circuit comprising L, C, and R is 
tuned to the intermediate frequency and the 
impedance of the parallel combination of L',C’, 
and R' is made equal to the conjugate of the IF 


impedance appearing between the terminals to 
which L’, C’, and R’ are connected. 

Ideally the two crystals should be alike. 
Furthermore, all RF impedances should ter¬ 
minate the entries of the RF hybrid junction in 
matched loads, and all IF impedances should 
similarly terminate the entries of the IF hybrid 
junction. Then, because of the properties of a 
matched hybrid junction, local oscillator signals 
at the crystals are equal in amplitude and in 
phase, and echo signals at the crystals are 
equal in amplitude and 180° apart in phase. 

The IF components of signals from the crys¬ 
tals are applied in push-pull to ideal trans¬ 
former T3 and appear across L, C, and Rbut 
not across L', C’, and R'. The IF components 
of local oscillator noise, on the other hand, are 
in effect between end terminals of T3 in parallel 
and appear across L’, C’, and R* but not across 
the IF output terminals. Local oscillator noise 
is thus suppressed. Because the RF hybrid 
junction is matched, the total available power 
from the echo signal and local oscillator arms 
divides equally between the two crystals. As in 
the coaxial line mixer of figure 9-8, the IF 
power from each crystal is one-half the avail¬ 
able echo signal power times the conversion 
gain G of the crystal. Since IF power from 
each crystal is delivered at the IF output ter¬ 
minal, the total IF output is the product of the 
echo signal and G, as before. 

Ordinarily, in single-ended mixers and in 
the coaxial line balanced mixer (fig. 9-8), the 
local oscillator must be loosely coupled to the 
mixer in order to prevent an appreciable amount 
of echo signal power from entering the local 
oscillator circuit. As a result, the local oscil¬ 
lator must generate much more power than is 
actually needed for mixer operation, the excess 
power being dissipated in an impedance chang¬ 
ing device located in the local oscillator circuit. 
Because in a hybrid junction mixer the echo 
signal and local oscillator arms are decoupled, 
there is no tendency for echo signals to enter 
the local oscillator circuit, and hence there is 
no need for loose coupling between local oscil¬ 
lator and mixer. A local oscillator with rela¬ 
tively low power output can therefore be used, 
the only power necessary being that which is 
needed to drive the crystals. Actually most 
local oscillators are capable of generating more 
than the minimum power required, so that a 
dissipative attenuator can be inserted in the 
local oscillator input waveguide section in order 
to insure a matched termination for the arm. Such 
an attenuator is desirable, as will be seen later. 


220 


Digitized by LjOOQle 




Chapter 9-RADAR RECEIVERS 


ECHO 



(A) PICTORIAL DIAGRAM 


RF HYBRID IF HYBRID 

T1 JUNCTION CRYSTAL 1 JUNCTION 



Figure 9-9. —Balanced mixer employing hybrid junctions. 


Decoupling between echo signal and local 
oscillator arms also means that there is no 
tendency for local oscillator power to enter the 
echo signal arm. Rejection of local oscillator 
signal by the echo signal arm is particularly 
advantageous in systems employing a broad¬ 
band TR device which would allow local oscil¬ 
lator power to pass through and be radiated by 
the antenna. 
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Another advantage of the hybrid junction 
mixer is that its operation is less sensitive to 
differences in the RF impedance of the crystals 
than is the balanced coaxial line mixer. Be¬ 
cause the two crystal arms are decoupled, any 
RF power reflected from one crystal cannot 
reach the other crystal. All the reflected power 
is directed into the echo signal and local oscil¬ 
lator arms and absorbed by the matched 
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terminations. Thus the amount of RF power 
delivered to one crystal is independent of the 
RF impedance of the other. 

If a mismatch should exist in either the echo 
signal or local oscillator arm, a reflection of 
an RF signal arriving at the mismatched ter¬ 
mination will occur, and the signal reflected 
from the termination will enter the two crystal 
arms. Under these circumstances, the two 
crystal arms are not completely decoupled. At 
the echo signal frequency, a mismatch in the 
echo signal and local oscillator arms is unlikely 
because in general the TR device provides a 
matched load for the echo signal arm and, as 
indicated above, a matching attenuator can nor¬ 
mally be inserted in the local oscillator arm. 

In general, if the crystals provide an imped¬ 
ance match at the echo signal frequency, they 
do not yield a perfect match at the local oscil¬ 
lator frequency. This mismatch is unimportant, 
since the reflected power will be absorbed in 
the echo signal and local oscillator arms. The 
attenuator in the latter arm serves to prevent 
the returned signal from reacting on the oscil¬ 
lator. Should the echo signal arm not provide a 
matched termination for the returned local os¬ 
cillator signal, further reflection of the signal 
will occur and the balance of local oscillator 
power at the crystals will be further upset. The 
effect of such an imbalance is to change the con¬ 
version gains of the crystals slightly, but usu¬ 
ally the change is negligible even with moderate 
amounts of mismatch at the local oscillator 
frequency. 

Use of the hybrid junction type of IF input 
circuit shown in figure 9-9 (B) insures suppres¬ 
sion of local oscillator noise despite imbalance 
in the IF impedances of the crystals. When all 
entries of the IF hybrid junction are terminated 
in a load that is the conjugate of the impedance 
faced by the load, the two crystals, constituting 
one pair of entries, are decoupled and the two 
resonant circuits, constituting the other pair, 
are also decoupled. If the resonant load entries 
remain matched, the amount of IF signal power 
coupled from one crystal to the output terminals 
is independent even if the IF impedance of the 
other crystal does not match the arms. Fur¬ 
thermore, the IF components of noise cancel 
in the output circuit independently of the IF 
crystal impedance as long as the crystals dev¬ 
elop equal IF noise voltage. The IF components 
of noise appear only across the L', C’, and R’ 
arm. If crystals are tested for equal conver¬ 
sion gains while loaded by the conjugate of the 
IF impedance of a typical crystal, equal IF 


noise voltages can be expected when the crystals 
are employed in the circuit of figure 9-9. 

Terminating the IF output entry in a matched 
load does not in general insure minimum noise 
figure. Mismatching the output entry in order 
to minimize the noise figure alters the load for 
the push-pull IF echo signals and thus reduces 
the echo signal power delivered to the load but 
does not alter the load for the IF components of 
noise which are applied to T3 in parallel. The 
local oscillator noise suppression property of 
the mixer is therefore retained. 

AMPLIFYING CIRCUITS 

The receiver, in addition to converting the 
returned echo signal to a frequency capable of 
being amplified by vacuum tube amplifiers, must 
provide several stages of amplification plus 
other special circuits. The special circuits to 
be discussed are the automatic gain control and 
the automatic back bias circuits. 

IF AMPLIFIER 

A typical IF amplifier is shown in figure 
9-10. The output of the crystal mixer is fed 
through a coaxial cable to the IF amplifier. The 
mixer’s output contains all the frequencies 
present in the mixing chamber since the crystal 
is not frequency selective. However, the am¬ 
plifier's input circuit contains an input imped¬ 
ance network that is tuned to the intermediate 
frequency. The impedance network, which is 
composed of LI, L2, and L3, is also used to 
match the input impedance of the amplifier to 
that of the coaxial cable. It should be noted 
that L2 is tunable and determines the degree of 
coupling between the mixer and the first am¬ 
plifier. The microwave signal and local oscil¬ 
lator signal are developed across the crystal 
current section of an impedance network which 
consists of C2, C3, C4, L4, L5, and the re¬ 
ceiver crystal current meter. The capacitors 
and inductors provide the necessary filtering 
action to smooth out the rectified RF. 

The crystal current meter, normally a mil- 
liammeter located on or near the control box, 
serves two main functions. It is used to monitor 
the power output of the klystron local oscillator 
during receiver alinement, and it serves to give 
a visual indication of the receiver crystal's 
condition, thus indirectly monitoring the re¬ 
ceiver's sensitivity during operation. In some 
aviation fire control radar sets, the same meter 
is also used to indicate magnetron current, var¬ 
ious regulated a-c and d-c voltages used by the 
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Figure 9-10. -IF amplifier, 

radar set, and beacon crystal current. This is 
accomplished by means of a selector switch 
that the operator may use to select the circuit 
to be monitored. 

The first stage of the IF amplifier is the 
most critical of the entire amplifier since it is 
in this stage that the signal to noise ratio is 
mainly determined. Cathode bias, which is 
developed by R1 and C5, is employed. The 
plate load which consists of L6, the distributed 
capacitance of the plate leads and of L6, and 
the interelectrode capacitance of the tube, is 
resonant to the intermediate frequency. 

IF amplifiers 2 through 7, shown in block 
form, are similar to the first IF amplifier with 
the exception of the grid returns. Their bias, 
and thus the gain of the IF amplifier, is deter¬ 
mined by the setting of the potentiometer gain 
control. Also in most aviation fire control 
radar equipments, one or more stages of the 
amplifier are provided with a means of changing 
the bandwidth. During long pulse operation, the 
bandwidth is normally reduced to eliminate 
much of the clutter and noise. This is usually 
accomplished by removing a swamping resistor 
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detector, and videocircuits. 

placed in parallel with the resonant tank in the 
plate of one or more of the amplifier stages 
(usually the 4th and 5th or the 5th and 6th). 
Narrowing of the bandwidth normally increases 
the gain of a stage. Thus, when this is done, a 
cathode resistor is switched into the affected 
stage or stages to eliminate the undesirable 
change in gain. 

The 8th and 9th IF amplifiers are also con¬ 
ventional amplifiers with the exception of the 
automatic back bias (ABB) circuit contained in 
each stage. The purpose of the ABB circuit, 
sometimes called instantaneous automatic gain 
control, is to provide instantaneous gain control 
of the two stages, thus preventing or reducing 
the possibility of the receiver being saturated 
by strong return signals. 

A typical ABB circuit is illustrated in figure 
9-11. The output signal from the plate of the 
IF amplifier stag0 is coupled to the ABB circuit 
as well as to the next stage. The signal is 
coupled through Cl to the cathode of the diode 
VI. When a signal is present, an a-c voltage is 
developed across LI and the diode operates and 
rectifies the IF pulses. The rectified current 
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+ 150 V 



Figure 9-11. -Automatic back bias circuit. 
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develops a negative voltage across Rl which is 
direct and coupled to the grid of V2 driving it 
negative and reducing V2’s plate current. Con¬ 
sequently, the voltage drop decreases across 
R3 and R4. The voltage drop across R3 is also 
felt by the cathode of VI as a further decrease 
in cathode voltage. This feedback action 
quickens and amplifies the bias expansion. 

Since the grid bias of the IF amplifier is 
determined by the algebraic sum of the voltage 
across the cathode resistors and the minus 
105-volt supply, the grid bias increases and 
reduces the IF amplifier's gain. The reduction 


in the IF signal occurs almost instantly. Thus, 
each received signal block is sharply cutoff 
and effectively narrowed by the ABB circuit. 
This reduces signal smearing, particularly on 
sea clutter, jamming, and large land masses. 

DETECTOR AND VIDEO AMPLIFIER 

The output of the IF amplifier is coupled 
through Cl6 to the cathode of the diode detector 
V10. (See fig. 9-10.) The output of the 
detector, the rectified IF signal, appears 
across the tuned circuit (L12-R10), L 13, and 
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Rll. The IF component of the output signal is 
filtered out by the capacitor C17, leaving only 
the video envelope to be fed to the video ampli¬ 
fier and limiter. 

The video section consists of a video ampli¬ 
fier and limiter, VI1, and a cathode follower, 
V12. With no applied signal, the video ampli¬ 
fier is biased essentially at zero. Since the 
output of the detector is negative, a negative 
signal reaches the amplifier grid. Although the 
signal is negative, it is capacitively coupled and 
attempts to average itself about the bias level 
of the amplifier. However, any positive swing 
causes grid current to flow, charging C18, 
which develops an opposing bias across the grid 
resistor. Consequently, zero signal bias level 
is held constant and the applied sighal only 
swings the grid negative (negative clamping). 
The extent to which the grid is driven negative 
is set by the cutoff bias, which is relatively low 
due to the selected screen voltage. Therefore, 
the signal is effectively confined within the zero 
bias and cutoff voltage levels. 

The output from the video amplifier is 
coupled through capacitor C20 to the cathode 
follower, V12, which transforms the high im¬ 
pedance to alow impedance to match the coaxial 
line supplying video to the indicator. NOTE: 
Cathode followers and video amplifiers are dis¬ 
cussed in detail in Basic Electronics. 

AUTOMATIC GAIN CONTROL 

The amplitude of the received signal from a 
particular target may vary because of fading 
and rapid changing of its position relative to 
the radar antenna. If the receiver has constant 
gain, there is a corresponding variation in the 
amplitude of its output. If this changing ampli¬ 
tude is objectionable, as in systems where the 
signal is used for automatic tracking, an auto¬ 
matic gain control circuit may be used. The 
gain control circuit automatically gives greater 
gain when the received signal is weak than when 
the received signal is strong. Thus, the ampli¬ 
tude of the receiver's output is maintained rel¬ 
atively constant. 

A common type of automatic gain control 
circuit uses the IF signal voltage to control the 
bias on one or more of the IF amplifier stages. 
A d-c voltage obtained from the output of the 
detector is used for this purpose. If the signal 
is too strong, the grid of the IF amplifier stage 
is made more negative to reduce the gain. A 
remote cutoff tube is usually used in this type 


of gain control circuit to prevent excessive dis¬ 
tortion of the received signal. 

NOTE: Another method of controlling the 
gain of an amplifier is by controlling the volt¬ 
age on the screen grid. Thus, by the use of a 
series of d-c amplifiers, the d-c output from 
the detector can be used to automatically con¬ 
trol the gain of the IF amplifiers. 

An automatic gain control circuit used in 
aviation fire control radar must be capable of 
controlling the gain based on the strength of a 
particular target. That is, the receiver gain 
must be automatically controlled to give a con¬ 
stant receiver output from the selected target 
regardless of the strength of the received sig¬ 
nals from the other targets. This is accom¬ 
plished by blanking the AGC circuit at all times 
except when the echo from the selected target 
is being received. A special circuit, commonly 
called a tracking circuit, generates the pulse 
that is supplied to the AGC circuit for unblank¬ 
ing. 

AUTOMATIC FREQUENCY CONTROL 

Automatic frequency control (AFC) systems 
are classified in accordance with their method 
of operation. The method of operation may be 
divided into two major classifications, the ab¬ 
solute and the difference frequency systems. 

In the absolute frequency system the fre¬ 
quency of oscillation is determined by a preci¬ 
sion frequency standard such as ahigh-Q cavity. 
This system is generally used to keep the re¬ 
ceiver tuned to the beacon (RACON) frequency. 
In the difference frequency system the local os¬ 
cillator is maintained on a frequency which is 
greater or less than the magnetron frequency 
by an amount equal to the intermediate fre¬ 
quency. 

Either of these systems may be of the non¬ 
hunting or hunting type construction. The hunt¬ 
ing system is constructed to cause the oscillator 
to sweep a wide frequency range. This enables 
the oscillator to find the correct operating fre¬ 
quency, and once this has been accomplished 
the oscillator will automatically remain on the 
correct frequency. This system has the ad¬ 
vantage that in the event of a sudden shift in 
magnetron or local oscillator frequency the cor¬ 
rect operating frequency will be found automat¬ 
ically. In the nonhunting system the oscillator 
is manually tuned to the correct frequency and 
then maintained electronically to this frequency. 
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Figure 9-12. -Block diagram of AFC circuit in a radar 
receiver, single-mixer system. 


AQ. 158 


SINGLE-MIXER SYSTEM 

In the single-mixer system (fig. 9-12), a 
portion of the transmitter pulse leaks through 
the TR box and beats with the local oscillator 
signal in the mixer. The difference frequency, 
or the IF signal, appears at the output of the 
mixer. This IF signal is then amplified by one 
or two stages of IF amplification. At this point 
the signal follows two paths-it is further am¬ 
plified and fed into the detector, and it is also 
fed into the AFC discriminator. The output of 
the discriminator is fed to either a d-c ampli¬ 
fier or some special control circuits which reg¬ 
ulate the klystron repeller plate voltage. The 
regulation of this voltage changes the frequency 
of the klystron and enables the local oscillator 
to oscillate at the correct frequency. 

DOUBLE-MIXER SYSTEM 

Most modern radar systems use a double- 
mixer AFC system, as shown in figure 9-13. 
The separate signal and the AFC mixer are both 
connected to the same local oscillator. This 
arrangement is shown in figure 9-13. The AFC 
mixer is coupled to the transmission line 
through an attenuator which reduces the trans¬ 
mitted pulse and received signals by the same 
ratio. With this arrangement, strong signals 
from nearby radar, jammers, or sea return 
cannot affect the operation of the AFC loop. 
The double-mixer system is similar in action 
to the single-mixer system but uses special 
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Figure 9-13. -Block diagram of a 
double-mixer AFC system. 

magnetron frequency input and contains an AFC 
attenuator and separate IF stages. 

Discriminator Circuit 

The amplified output of the AFC mixer is fed 
into the AFC discriminator. The output voltage 
of a frequency discriminator varies in ampli¬ 
tude and polarity with changes in the applied 
frequency. If the applied frequency is at the 
resonant or center frequency of the discrimi¬ 
nator, the output will be zero. If the applied 
frequency is above or below the correct value, 
the output of the discriminator will be either 
positive or negative, depending upon the direc¬ 
tion of diviation. 

Thyratron AFC Control Circuit 

TheThyratron AFC control circuit is an au¬ 
tomatic hunting and lock-in type. A simplified 
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Figure 9-14.-Thyratron AFC control circuit. 
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diagram is shown in figure 9-14. Since the dis¬ 
criminator time constant is short, a pulsed out¬ 
put is produced. These pulses are amplified 
and inverted by the video pulse amplifier. 

In the circuit shown in figure 9-14, V2 func¬ 
tions as a sawtooth sweep generator. The out¬ 
put of this generator is applied to the repeller 
of the klystron. This causes a wide frequency 
band to be swept by the klystron and provides ? 
"hunting action, " which is a requirement of the 
AFC system. Lock-in action is obtained by VI 
once the proper IF signal is produced. During 
the time that VI maintains lock-in, V2 will re¬ 
main cut off because the action of VI prevents 
the plate potential of V2 from rising to the point 
of tube ionization. 

In the explanation of this circuit it is as¬ 
sumed that the radar transmitter is turned off. 
There will be minus 30 volts bias applied to VI 
because of the 30-volt drop across R1 and R2. 
ThisIR drop is a function of the divider network 
Rl, R2, and R3. VI will remain cut off be¬ 
cause there will be no signal input to the grid 
until the transmitter is turned on. Since C5 
cannot be charged instantaneously, the moment 


that power is applied V2 will have zero volts 
bias and a plate to cathode potential of plus 225 
volts. As a result of these potentials, the gas 
inV2 will ionize and the tube will conduct. Dur¬ 
ing the time that V2 conducts, C4 will charge 
towards a minus 225 volts through the low in¬ 
ternal resistance of V2. During this charging 
period the plate to cathode voltage of V2 will 
decrease. 

The de-ionization potential of a gas tube is a 
function of the type of gas, the pressure, and 
the fixed geometrical characteristics of the 
tube. This dependence on tube characteristics 
which are less uniform for thyratrons than for 
vacuum tubes, is one disadvantage of the gas- 
tube control circuit. For instance, for a fixed 
bias of the magnitude used in the sweep genera¬ 
tor circuit of figure 9-14, V2 may start con¬ 
duction at any plate voltage within a 100-volt 
range and still be acceptable under MIL specif¬ 
ications. Without correction this might result 
in a 50-percent change in the sweep range when 
V2 is replaced. There are two methods of cor¬ 
rection. In some instances correction is pro¬ 
vided by a resistive network between the grid 
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and the plate which introduces negative feedback 
to minimize the spread in firing potential. A 
second method is in the form of a bias adjust¬ 
ment in the grid circuit which may be reset, 
when V2 is changed, to bring the firing potential 
to the desired level. 

The tube used in this circuit, V2, will de¬ 
ionize at 25 volts. Thus, when the charge on 
C4 has reached 200 volts, V2 will de-ionize. 
When this occurs, C4 discharges through R4 
and R5 to ground and the plate of V2 becomes 
less negative. The discharge continues until the 
charge on C4 is about 100 volts. At this point, 
the plate to cathode potential is sufficient to 
again ionize the tube. (The ionization potential 
of a gas tube is a function of its grid bias.) The 
sawtooth output of V2 is applied to the klystron 
repeller and since this output voltage varies 
between a minus 100 and a minus 200 volts, the 
amplitude of the sawtooth waveform is 100 volts. 
The recurrence frequency of this sawtooth is 
approximately 1 hertz. 

To aid in understanding how the AFC loop is 
completed, assume that the klystron will oscil¬ 
late at the proper frequency when its repeller 
voltage is between minus 170 and minus 140 
volts. As a result of V2’s sawtooth output, the 
oscillator will be electrically tuned through the 
proper frequency during each sawtooth period. 
When the transmitter is turned on, assume that 
the proper intermediate frequency will be ob¬ 
tained with a repeller voltage of minus 155. 
When the repeller is more negative than minus 
155 volts, the input to the grid of Vl will be 
negative. Thus, Vl will remain cut off. The 
discharge of C4 causes the repeller voltage to 
become less negative. 

As this voltage becomes less negative than 
minus 155 volts, the input to the grid of Vl will 
be positive pulses. At some frequency the 
pulses will be of sufficient amplitude to ionize 
Vl, thus providing a new longer RC charging 
path for C4. This path extends from the minus 
225 volts on the thyratron cathodes through Vl 
and R5 to C4. As C4 again charges, the re¬ 
peller voltage will again become more negative; 
when this voltage passes through the minus 
155-volt point, the input to Vl will again become 
negative pulses. Thus Vl will de-ionize as soon 
as C6 discharges through it. R5 drops suffi¬ 
cient voltage to keep ionization from being 
maintained, although C4 has not reached the 
200-volt level. The de-ionization occurs when 
C6 has discharged to the de-ionization potential 
of Vl which is about 25 volts. After Vl has de¬ 
ionized, C4 will again discharge through R4 
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and R5 to ground. 

Having been discharged, C6 will regain its 
charge quickly, primarily through R4. This 
causes C4 to charge while the charge current of 
C6 produces a negative voltage at the bottom of 
R4, bringing the repeller back more negative 
than minus 155 volts. After C6’s rate of charge 
has waned, the bottom of R4 approaches ground, 
and C4 resumes its interrupted discharge again. 
After passing minus 155 volts, a positive pulse 
ionizes Vl, and the cycle repeats. 

This entire cycle will be repeated at a rate 
of about 200 Hz. (NOTE: Only the positive 
pulses on the grid of Vl have any effect.) 

The amplitude variation of the repeller volt¬ 
age is so slight that the variation in klystron 
frequency is only a small fraction of the re¬ 
ceiver's IF bandwidth. Because of this action 
the receiver will remain tuned, or locked-in, 
to the transmitting frequency. When the circuit 
is locked-in, Vl will be conducting periodicaUy 
and V2 will remain cut off. Thus, V2 is effec¬ 
tively disconnected from the circuit. The only 
purpose of V2 is to provide a slow, continuous 
sweep to hunt for the proper operating point and 
to reestablish circuit operation. This action 
will occur whenever AFC operation is inter¬ 
rupted. 

AIRBORNE MOVING TARGET 
INDICATION 

Sea clutter has always hampered radar oper¬ 
ation over water and seriously degraded the 
effectiveness of high altitude search radars. 
In fact, the effectiveness of present aircraft 
operation is often dependent on the sea clutter 
problem. As an example of this problem, an 
aircraft flying at 10,000 feet would have a radar 
range to the horizon of 120 miles; but in rough 
sea conditions, sea clutter might extend to 
ranges of almost 100 miles. Flying at higher 
altitudes causes the clutter intensity to increase 
and causes its range to increase. 

Since high sea state (waves 8 feet and above) 
conditions exist over 50 percent of the time 
during winter months over the North Atlantic 
and sea states sufficient to cause considerable 
clutter are present 80 percent of the time dur¬ 
ing the same period, the problem of sea clutter 
becomes a serious one. 

Airborne moving target indication (AMTI) be¬ 
comes desirable from two standpoints: First, it 
allows only moving airborne targets to be pres¬ 
ented on the scope; and second, it reduces the sea 
clutter return on the scope. The requirement for 
a satisfactory AMTI is one of long standing, and 
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one that is even more pressing now with the ad¬ 
vent of automatic radar data processing devices. 

PRINCIPLES OF AMTI 

The function of the AMTI system is to can¬ 
cel or attenuate signals received from fixed 
targets, while permitting signals from moving 
targets to be amplified and sent to the indicating 
system. The AMTI system does this by com¬ 
paring the phase of each returning target echo 
from the preceding transmitted pulse. In the 
comparison process, signals with like phase 
(from fixed targets) are canceled, and signals 
with unlike phase (from moving targets) leave 
an uncanceled residue. 


(A) REFERENCE SIGNAL 
APPLIED TO PHASE 
DETECTOR 





Phase Detection 

Due to the Doppler effect, the frequency of 
a signal reflected from a moving target is dif¬ 
ferent from the transmitted frequency. In a 
radar system, the actual frequency changes are 
minor due to the fact that aircraft velocities 
are very small compared to signal velocity. 
This makes it impracticable to make a direct 
frequency comparison between the transmitted 
and received signals. Instead, a method of 
phase comparison is used to determine the 
pulse-to-pulse phase shift of returning signals. 

Figure 9-15 illustrates the phase detection 
principle involved. 

In this diagram, if you assume that the ref¬ 
erence signal (A) is held constant with the start¬ 
ing phase of each transmitted pulse, it becomes 
apparent that echo signal (B) will give the same 
resultant video (D) for successive pulses from 
the same stationary targets. If, however, one 
of the echoes in (B) is a reflection from a mov¬ 
ing target, a phase shift will take place between 
successive pulses (because of the Doppler ef¬ 
fect), and the resultant video (D) will have 
greater or less amplitude. This phase detec¬ 
tion principle is valid for an AMTI system only 
under the condition that the reference signal 
(A) assumes the same starting phase as each 
successive transmitter pulse. 

TYPES OF MOVING 
TARGET INDICATION 

There are two basic types of moving target 
indication systems-coherent and noncoherent. 
The coherent system depends upon an internally 
generated signal from a coherent oscillator. 
The noncoherent system depends upon ground 
clutter to supply its reference. 


(D) 

RESULTANT 
BIPOLAR VIDEO 


SIGNAL 1. IN PHASE WITH REFERENCE SIGNAL 
SIGNAL 2. 18(fPHASE SHIFT FROM REFERENCE SIGNAL 
SIGNAL 3. 90°PHASE SHIFT FROM REFERENCE SIGNAL 
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Figure 9-15. -Phase detection of 
returning echo signals. 

Coherent System 

In a true coherent system, a signal from a 
coherent oscillator is locked in with the trans¬ 
mitted pulse to provide a reference signal, and 
a phase shifter is employed to compensate for 
the effect of the airborne radar’s motion. This 
phase shifter must be servoed to the aircraft’s 
velocity and the antenna azimuth. 

Noncoherent System 

In the noncoherent type of moving target in¬ 
dication, the return from either ground clutter 
or a fixed target is used as a reference signal. 
These signals will appear to remain constant in 
amplitude, from one transmitted pulse to the 
next, where the moving target is constantly 
changing in amplitude. 

THEORY OF OPERATION OF 
A TYPICAL SYSTEM 

The AMTI feature of the search radar is de¬ 
signed to display moving surface targets while 
suppressing the display of fixed targets and 
ground return. 
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The AMTI, as used in the A-6 type aircraft, 
is a noncoherent type which requires that the 
target must have motion with respect to ground 
clutter or permanent echoes with the same 
range in order to be processed as video on the 
Bombardier/Navigator’s (B/N's) Direct View 
Indicator (DVI) and the Pilots’ Horizontal Dis¬ 
play System (PHD). 

The search antenna radiates RF energy in 
the form of a pulse which illuminates an area 
that is determined by the antenna beamwidth in 
azimuth (1.4°) and the pulse width in range 
(0.4 microseconds or 200 feet). 

The RF energy reflected from the scanned 
area is composed of a large number or randomly 
phased components representing ground clutter, 
permanent echoes, fixed targets, and moving 
targets. 

It is characteristic of moving surface tar¬ 
gets to give returns which fluctuate in amplitude 
above the normal ground return video. Moving 
target video will change amplitude from one 
pulse to the next while fixed target and ground 
return video will appear to have maintained a 
constant amplitude in the time between pulses. 
The moving target video changes amplitude (or 
modulates) because the phase of the radiofre¬ 
quency return from the moving target is con¬ 
stantly changing with respect to the RF return 
from the surrounding ground area. The return 
from a fixed target is of greater amplitude than 
the return from the surrounding ground area. 
Because the fixed target does not move relative 
to the ground, the amplitude of its radar return 
remains constant from one pulse to the next. 
The search AMTI detects the fluctuations of 
moving target returns and amplifies and dis¬ 
plays them while suppressing or canceling the 
constant amplitude returns of fixed targets and 
ground. 

In AMTI operation, the returning search 
radar video is converted from an amplitude 
modulated signal to a frequency modulated sig¬ 
nal, fed through both a delayed and a direct 
channel, and compared with the delayed signal 
from the previous pulse. By the manner in 
which the delayed and direct signals are com¬ 
pared, the frequency-stabilized fixed target and 
ground returns are canceled, and the changing 
frequency representative of moving targets is 
amplified. Since the delayed pulse must be de¬ 
layed by a very exact amount, a specially sta¬ 
bilized 2,400 pulse per second trigger is gen¬ 
erated for AMTI use. This is the search 
primary trigger. The search secondary trigger, 
available for the B/N’s use, is not sufficiently 


stable to be used for AMTI operation. 

The AMTI control on the B/N’s control box. 
(fig. 9-16) controls the video mixer and allows 
the B/N to select full moving target video, reg¬ 
ular search radar video, or any mixture of the 
two. The design of the AMTI circuits is such 
that the return from amoving target is enhanced 
by being compared with, or referenced to, the 
ground or fixed target return. Therefore, in 
the absense of ground or fixed target returns, 
moving targets are treated as fixed targets and 
are suppressed or completely canceled. It 
could be expected that a heavier ground return 
would optimize the moving target indications; 
however, rock outcrops and hard targets are 
usually not fully canceled and tend to distract 
or confuse the B/N. If doubt exists as to 
whether a return is displayed as a moving tar¬ 
get return or a fixed target return, the audio 
circuitry of the track radar can be helpful in 
determining whether the target is moving or 
fixed, and in the case of a moving target, the 
relative size and/or speed may be determined 
by the pitch (frequency) of the audio. 

The amplitude fluctuations caused by a mov¬ 
ing target are only detectable for the range 
component of target movement. For this rea¬ 
son, a target that is moving on aline perpendic¬ 
ular to the aircraft heading will not be detected. 
The detection range of a given moving target 
will increase as the aircraft approach heading 
approximates the fore-and-aft axis of the target 
movement (head-on or tail-on approach). The 
relative approach angle (angle-off) between air¬ 
craft and target becomes most critical with 
slow moving targets. For example, a 10-mile 
per hour pickup truck and a 4-mile per hour 
road grader, traveling the same road, could 
both be detected at the same range on a 0° 
angle-off run, but the detection range for the 
road grader would be half that of the truck on a 
10-mile angle-off run. 

Since the AMTI operates on the principle that 
a moving target causes amplitude fluctuations 
above the normal ground return, the AMTI cir¬ 
cuits are extremely noise and jitter sensitive. 
Radar receiver noise or magnetron jitter can 
render the AMTI virtually useless. Experience 
has shown that a radar which the B/N believes 
to be excellent in all other respects can, in fact, 
be practically useless for AMTI operation due 
to the noise. The only check the B/N can make 
is to check automatic frequency control (AFC) 
operation against manual frequency control 
(MAN) for maximum radar range or best land/ 
water contrast. If MAN is significantly better 
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Figure 9-16. -Bombardier/Navigator's control panel. 
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than AFC, it should be used. The real differ¬ 
ence in above average AMTI lies with the quality 
of the radar maintenance. For first-class 
AMTI, the maintenance crews must periodically 
look at the radar magnetron for jitter, and 
closely monitor the radar receiver for clean 
noise-free video. Additionally, the technicians 
should be alert to any indication of progressive 
radar degradation provided by B/N debriefing. 

SEARCH RADAR TERRAIN 
CLEARANCE (SRTC) MODE 

The search radar terrain clearance display 
provided on the vertical display indicator (VDI) 
affords a means of maintaining terrain clear¬ 
ance along the projected flightpath of the air¬ 
craft. A 53° by 26° window of the terrain about 
the aircraft ADL is displayed on the VDI (fig. 
9-17) with the attack and navigation steering 
functions. 

The display consists of a perspective plot of 
range and elevation angle vertically, and azi¬ 


muth horizontally shown on the VDI. Terrain 
clearance information is sensed by a dual chan¬ 
nel horn mounted on the search radar antenna 
receiver. This array receives ground returns 
from search radar transmissions (pulse-for- 
pulse with the search radar.) 

The search radar antenna receiver derives 
range information from search radar timing, 
azimuth information from antenna position, and 
terrain elevation information from phase vari¬ 
ations. 

The display presentation provides 10 shaded 
increments starting with the lightest shade in 
the near ranges at the base of the display, and 
progressing to darker gray tones toward the 
horizon, or far ranges. These shades of gray 
each represent a specific range increment 
ahead of the aircraft. All symbols and markers 
are available on this display except for the 
ground and cloud texture elements and the pitch 
trim markers. These are removed to avoid 
unnecessary scope clutter. Phase video and 
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DISPLAYED TERRAIN 


REAL WORLD TERRAIN 



LINE 

FOURTH RANGE INCREMENT SELECTED FOR CODING 
GREASE PENCIL MARK 2" FROM SCOPE CENTER 
PERMANENTLY CODED RANGE INCREMENT 




. 


CALIBRATION MARKS 1.75 APART 


OFFSET IMPACT BAR TRACKING 
TOP OF FOURTH RANGE INCRE¬ 
MENT l 3 /4 M FROM HORIZON 


RADAR ALTITUDE CURTAIN 
INDICATING IOOO FT. AGL 


* 


4 


* 


* 




THIRD RANGE INCREMENT 
SELECTED FOR CODING 

GREASE PENCIL MARK 
2" FROM SCOPE CENTER 


OFFSET IMPACT BAR 
TRACKING BOTTOM OF 
THIRD RANGE INCREMENT 
1 3 / 4 " FROM HORIZON 

RADAR ALTITUDE CURTAIN 
INDICATING 400 FEET AGL 


Figure 9-17. -Search radar terrain clearance display. 
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terrain clearance amplitude video are processed 
through the terrain clearance processor. The 
radar data converter accepts the processed 
video and converts the signals to a television 
format acceptable to the VDI. 

In the later model A-6 aircraft, the SRTC 
mode has been modified to improve its reliabil¬ 
ity. A radar altitude curtain has been added to 
the display. This curtain presents an analog of 
aircraft altitude (AGL) and is positioned by sig¬ 
nals from the radar altimeter. Radar altitude 
signals are sent directly to the radar data con¬ 
verter and no longer go through the air data 
computer. Calibration marks have been added 
to the display as an aid in determining the cred¬ 
ibility of the display. In addition, a movable 
offset impact bar has been added to enable the 
pilot to select the clearance he wants. 

Range Coding 

A set of vertical code bars mark the first 
range and at the option of the pilot, one of the 
3rd, 4th, 5th, or 7th ranges can be coded as an 
aid to interpretation and provides a predeter¬ 
mined reference point for flying the display of 
terrain. The 10-range increments present 
specific range information as shown in figure 
9-18. 

SRTC Scaling 

When the VDI is in contact analog (CA), the 
horizon and all symbols are computer scaled 
to ±30°. With terrain clearance (TC) selected, 
the horizon and terrain are scaled in the radar 
data converter, while the VDI navigation and 
attack symbols are still computer-derived and 
scaled to ±30°. Terrain clearance video is 
scaled to approximately 27°(±13. 5°) vertically, 
and 52° (±26°) horizontally. 

The TC horizon is scaled to 30° in a climb 
(or pullup) and 15° in a dive. The change in 
scale occurs when the horizon is at the VDI 
vertical center. In most normal flight attitudes 
or on the ground, there should be no change in 
the horizon position when selecting TC from 
contact analog. Tracking circuits provide for 
correct positioning of terrain for all attitudes 
within the pitch (±30°) and roll (60°) limits of 
the antenna. 

TC Scaling CA Scaling 

Terrain video 

±13° vertical +30° (symbols) 

±26° horizontal horizon-*30°(symbols) 


In aircraft with the modified SRTC mode, the 
radar altitude curtain which is positioned by a 
signal from the radar altimeter, presents an 
analog of aircraft altitude. The curtain, like 
the radar altimeter, operates between the alti¬ 
tudes of 20 feet and 5, 000 feet. The position of 
the curtain between the horizon and the bottom 
of the scope varies with aircraft altitude, atti¬ 
tude, and the altitude scale factors which are 
displayed below: 

Altitude Displacement Below 
Horizon Line 

0 feet 0 inches 

0 to 400 feet 175 feet/inch 

400 to 5000 feet 1340 feet/inch 

When the top of the radar altitude curtain is 
matched with the offset impact bar positioned 
13/4 inches below the horizon line, the altitude 
of the aircraft is 275 to 325 feet AGL. 

E-SCAN MODE 

When elevation scan (E-SCAN) is selected, 
the track radar is used to provide a vertical 
display of terrain elevation along the aircraft 
flightpath on the PHD. The track radar antenna 
scans a sector in elevation of + 10°to - 15° 
relative to the flightpath vector. When the com¬ 
puter is operating the scan is oriented in azi¬ 
muth to the aircraft ground track and when the 
computer is off, to aircraft ADL. Figure 9-19 
depicts an E-scan display. The pilot can select 
a clearance line of 200, 500, or 1,000 feet and 
a range of either 5 or 10 miles. Range marks 
are displayed every 2. 5 miles. 

In earlier models of the A-6 aircraft, when 
a portion of the terrain appeared above the 
clearance line, it indicated that the aircraft 
will clear the obstacle by less than the amount 
selected. Similarly, if terrain video projects 
above the flight line, the aircraft will collide 
with the obstruction unless the flightpath is 
changed. 

After the incorporation of an AVC in later 
model aircraft, the clearance line is a display 
of the radius of curvature required to clear an 
obstruction by the amount selected. The line 
is defined by the clearance selected and a 2-g 
pullup at 350 K3AS. Terrain video appearing 
to the left of this line will be cleared by less 
than the amount selected. If terrain video is to 
the left of the clearance line and above the flight 
line, the aircraft will collide with the obstruc¬ 
tion unless the flightpath is changed. 
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RANGE 
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PHD 

CONTROL 

BUTTON 

RANGE 

INCREMENT 
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FEATURES 

TRACKING 
POSITION OF OFFSET 
IMPACT BAR 

RESULTANT 

CLEARANCE 

(FEET) 

1 


Va to Vi 

(PERM. CODED) 




2 

1 

Vi to % 

FLAT PLAINS 

BOTTOM OF FIRST 
SELECTABLE INCRE¬ 
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400 to 600 

3 

1 

% tO 1 

ROLLING 
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TOP OF FIRST 

SELECTABLE 

INCREMENT 

600 to 900 

4 

2 

i to r/2 

HILLS 

TOP OF SECOND 

SELECTABLE 

INCREMENT 

900 to 1050 

5 

3 

r/2 to 2 

HILLS 

TOP OF THIRD 

SELECTABLE 

INCREMENT 

1050 to 1600 

6 

4 

2 to 2Vi 

HILLS 

BOTTOM OF FOURTH 

SELECTABLE 

INCREMENT 

1600 to 2000 

7 

4 

2Vi to 3 

HILLS 

TOP OF FOURTH 

SELECTABLE 

INCREMENT 

GREATER 

THAN 2000 

8 


3 to 4 




9 


4 to 6 




10 


6 to 8V2 





1 WOTi 


1. The offset impact bar is measured downward from the center of the VDI. 

2. Hills are defined as terrain having a differential altitude of approximately 700 
feet. 

3. Increasing severity of terrain features will decrease the resultant clearance when 
using listed tracking positions. 


Figure 9-18. -SRTC operating parameters. 
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AIRCRAFT BUNO 152937 AND SUBSEQUENT 
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Figure 9-19. -Terrain clearance (E-scan). 
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A flight technique for E-scan that has been 
found to be usable is one that is based on con¬ 
trol of the aircraft velocity vector referenced 
to E-scan video patterns. An aid for accom¬ 
plishing this control is a line on the display 
which approximates a desired speed and g com¬ 
bination or radius of curvature required to ob¬ 
tain a desired clearance altitude. The rule for 
this technique is to fly pitch control to keep E- 
scan video on or to the right of this transition 
line. The transition line here discussed is the 
clearance line displayed in aircraft with the 
modified E-scan. A method which proves to be 
practical for drawing the transition line on the 
display in aircraft not incorporating the modi¬ 
fied E-scan is as follows: 

1. Display the 5 NM E-scan with a 500-foot 
clearance line. 

2. Estimate the 1 NM range at the top of 
the display and connect this point with the point 


at which the 500-foot clearance line intersects 
the bottom of the display scan. 


TERRAIN CLEARANCE-PLAN 
POSITION INDICATOR (TCPPI) 

The terrain clearance plan position indicator 
(TCPPI) mode of operation of the track radar 
provides the pilot and the B/N to a depressed 
center PPI display of terrain close to the flight- 
path of the aircraft. The track radar beam is 
depressed 1° below the flightpath and scans an 
angle of approximately 30°. The displayed 
range of the presentation is either 5 or 10 miles, 
selectable with the display scale switch on the 
pilot’s control panel. One range line is dis¬ 
played at 2.5 miles. Scan angle is centered 
about the ground track when the ballistics com¬ 
puter is operating, and about the ADL when the 
computer is off. 
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Figure 9-20.-Terrain clearance (PPI). 
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In figure 9-20, a typical TCPPI display is 
illustrated. Note that the aircraft is flying 
through an area dotted with terrain peaks at 
some height above the intended flightpath of the 
aircraft. The aircraft can now be controlled 
so that a new flightpath develops around or over 
the obstacles, as elected by the pilot. 

EMERGENCY SEARCH 

The emergency search (EMERSRCH) track 
radar display serves as a backup for the search 
radar in the event of search radar failure. The 
"esentation is a depressed center PPI display 
h approximately 30° of azimuth scan, with 
utenna elevation angle manually controlled 
B/N. Since the elevation angle deter¬ 


mines the range at which the beam intersects 
the ground the B/N can vary the area being 
searchlighted by manipulating the track radar 
elevation slew switch on the slew control. The 
displayed range of the presentation is either 5 
or 10 miles, selectable with the display scale 
switch on the pilot’s control panel; however, 
unlike the TCPPI display, there is no range 
line on emergency search. 

Limitations of Emergency Search Mode 

The emergency search mode of operation 
has certain inherent limitations. In contrast to 
the search radar presentation, range and azi¬ 
muth resolution are poor. Maximum range is 
10 miles, and the illuminated area decreases 
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with an increase in altitude. However at low 
altitudes the presentation still affords adequate 
definition for identification of prominent points; 
i. e., bridges, rivers, shorelines, and small 
towns. The area scanned by the track radar in 
the emergency search mode can be increased 
in azimuth by placing the search radar power 
switch to STBY and tilting the B/N’s slew grip 
to the left or right. This will cause the track 
radar to scan a 30° sector to the right or left 
of the aircraft. However, the presentation will 
remain centered on the DVI and PHD, regard¬ 
less of the displacement of the track radar an¬ 
tenna in azimuth. 


able only by the B/N. In addition, the horizon¬ 
tal display mode selector switch must be in 
SRCHin order for it to be displayed on the PHD. 
If the mode selector is placed to the TCPPI or 
EMER SRCH position, the selected display will 
be presented on the PHD and the DVI will no 
longer have an emergency search display even 
though it was selected on the B/N’s control 
panel. The selection of a track radar display 
on the PHD preempts the selection of an incom¬ 
patible display on the DVI. 


A-6A TERRAIN CLEARANCE 


Options for Selection Figure 9-21 illustrates the various terrain 

clearance displays available, on which indi- 
The emergency search display is presented cator(s) it is displayed, the sweep length, and 

on both the DVI and PHD; however, it is select- the operating range in each of the four modes. 
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Figure 9-21. -A-6A terrain clearance radar displays. 
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CHAPTER 10 

RADAR INDICATORS 


This chapter is devoted to a detailed dis¬ 
cussion of the various types of indicators which 
the Aviation Fire Control Technician may be re¬ 
quired to maintain. The technician should find 
a knowledge of their construction and operating 
principles very helpful in the performance of 
fire control maintenance. 

INDICATORS 

The purpose of the indicator and its associ¬ 
ated components is to display target informa¬ 
tion supplied by the receiver and antenna sys¬ 
tem. The indicator may be a relatively simple 
device such as an indicating light that goes ON 
and OFF when specific conditions exist, a 
small meter, or an elaborate assembly con¬ 
taining a cathode-ray tube (CRT). However, in 
any case the complexity of the indicating system 
will vary with the amount of information to be 
displayed to the operator. 

The two types of radar indicators discussed 
in this chapter are the CRT and the direct view 
storage tube (DVST). These indicators may 
also very in degree of complexity and may be 
used to display numerous data simultaneously 
to the operator. Some of the data presented to 
the operator are as follows: 

1. Target range. 

2. Range rate. 

3. Target position (relative). 

4. Artificial horizon. 

5. Steering references. 

6. Altitude. 

This list, however, should not be construed 
as being alj. inclusive. 

CATHODE-RAY TUBE 

As an Aviation Fire Control Technician, you 
should be familiar with the CRT and its use in 
various oscilloscopes and test equipments. 
However, the construction and the operation of 
the CRT are briefly reviewed in this chapter. 
Nevertheless, it is recommended that the sec¬ 
tion pertaining to the CRT in chapter 9 of Basic 
Electronics, NavPers 10087-B, be reviewed 
before continuing further in this chapter. 


CRT's are used in radar equipment to 
display visuaUy target information. Although 
there are several types of CRT's, all contain 
the following. 

1. An electron gun which projects a fine 
beam of electrons on a screen. 

2. A deflection system. 

3. A fluorescent screen which changes the 
energy contained in the beam into light. 

4. An evacuated glass envelope. 

The beam of electrons may be deflected by 
an electric field or a magnetic field. Thus the 
deflection types are electrostatic and electro¬ 
magnetic. 

Electrostatic CRT 

Most vacuum tubes have one common fea- 
ture-a centralized cathode surrounded by var¬ 
ious other elements. The electrons emitted 
from their cathodes are sent out radially in all 
directions. However, the electrons emitted 
from the cathode of a CRT are confined to a 
parallel beam by means of what is commonly 
called an electron gun. 

The electron gun consists of a cathode, a grid 
which tends to concentrate the electrons into a 
beam, and anodes which accelerate and focus 
the beam of electrons. 

The cathode of a CRT is indirectly heated 
and consists of a small metal thimble inside of 
which is mounted the heating element or fila¬ 
ment. To make the cathode a good emitter when 
heated, the front end is oxide coated as shown 
in figure 10-1. It should be noted that emission 
is from the front end only. 

OXIDE COATING 



CATHODE 
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Figure 10-1. - Filament and cathode 
of a CRT. 
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The filament, which is made of tungsten 
wire, is wound in a double spiral so that the 
electron beam will not be affected by the applied 
a. c. In this way the magnetic field of one-half 
the filament is canceled by the equal and oppo¬ 
site field of the other half. The filament is 
electrically insulated from the cathode. How¬ 
ever, the insulation does touch the cathode to 
provide good head conduction. 

The grid is essentially a metallic cylinder 
in the form of a cap which surrounds the cathode 
and has a small hole in the end. The potential 
applied to the grid is negative in respect to the 
cathode and, as a result, an electrostatic field 
is developed between the two as shown in figure 
10 - 2 . 


GRID 
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Figure 10-2. -Electrostatic field between 
grid and cathode. 

An electron that starts out in the direction 
of KA is bent by the lines of force so that it 
takes the path KCP. In a similar fashion, the 
electron which starts out in the direction KB is 
bent so that it takes the path KDP. Thus, the 
paths of these two electrons intersect at P. 
Most of the electrons which pass through the 
hole in the grid are concentrated in this manner 
into a beam of electrons. 

The lines of force between the grid and cath¬ 
ode prevent the emitted electrons from diverg¬ 
ing outward from the cathode and cause them to 
bend inward along the axis of the electron gun. 
They may even cause the electrons to cross 
over and diverge on the opposite sides. The 
grid of the CRT also controls the number of 
electrons in the electron beam in a manner sim¬ 
ilar to the action of a grid in a conventional 
vacuum tube. Therefore, the grid of the CRT 
performs two functions: (1) it controls the num¬ 


ber of electrons which are allowed to pass 
through the hole, and (2) it acts as a lens which 
tends to concentrate the electrons into a beam. 

One of the factors controlling the intensity 
of the spot on the fluorescent screen is the num¬ 
ber of electrons in the beam. The number of 
these electrons, as stated previously is con¬ 
trolled by the difference in voltage between the 
grid and cathode or grid bias. Most CRT's uti¬ 
lize a potentiometer to vary the bias on the grid, 
thus enabling the operator to control the bright¬ 
ness of the spot. This potentiometer may be 
known by several different names such as inten¬ 
sity, brilliance, or brightness control. 

In addition to the grid and cathode, the elec¬ 
tron gun also contains two anodes. The con¬ 
struction of the anodes is similar to that of the 
grid. The first anode, sometimes called the 
focusing anode, is closer to the grid and is pos¬ 
itive by a few hundred volts in respect to the 
cathode. The second anode or accelerating an¬ 
ode is next in line and is at a much higher 
positive potential than the first anode. 

As shown in figure 10-2, the electron beam 
is in focus at point P which is close to the grid. 
However, the beam must also be in focus when 
it strikes the screen. This is accomplished by 
the electrostatic field between the two anodes. 
(See fig. 10-3.) 


ACCELERATING ANODE 
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Figure 10-3.-Electrostatic field between 
the first and second anode. 

An electron introduced into the field at point 
P would tend to follow one of the lines of force 
and hit the more positive anode. Because of the 
high voltage on the anodes, the electron travels 
at an extremely high velocity and does not re¬ 
main in the field long enough to be pulled com¬ 
pletely off its course. But it is subjected to 
forces as it moves through the field. For ex¬ 
ample, an electron which is traveling from point 
P along the path PAB is curved toward the axis 
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by the lines of force and thus takes the path 
PAC. In the center, the lines of force are 
nearly parallel to the axis and in the direction 
of point S. Therefore, the beam of electrons 
is accelerated in the direction of point S. 

The point where the electrons converge may 
be shifted by varying the strength of the field 
between the two anodes. This is done by a po¬ 
tentiometer which varies the voltage on the first 
anode. This control is sometimes called the 
focus control. 

The screen is made fluorescent by a coating 
of materials deposited on its inner surface. 
These materials, called phosphors, emit light 
when struck by a beam of rapidly moving elec¬ 
trons. The color and persistence of the light 
depend upon the composition of the particular 
phosphor used. Phosphors are designated by 
the letter P followed by a number which indi¬ 
cates its persistence. These numbers presently 
fall between 1 and 31 but bear no relationship to 
the time an image will persist on a screen. 
However, most aviation fire control radar in¬ 
dicators use CRT's with long persistence. 

CRT screens vary in size, color, and per¬ 
sistence. The most common size CRT screen 
used in aviation fire control radar is approxi¬ 
mately 5 inches in diameter. Manufacturers in¬ 
dicate the size by using the size in inches as the 
first digit in the tube's designation. 

The electrons reaching the screen give up 
energy in producing luminescence. When this 
is accomplished, they must be removed or a 
large negative charge would develop on the 


screen. Thus, some method must be used to 
return the electrons to the power supply. Since 
the electrons striking the screen are traveling 
at a very high speed, they cause other electrons 
to be emitted (called secondary emission). The 
aquadag coating, which consists of a conductive 
material deposited on the flare of the CRT, is 
connected to a very high voltage. (See fig. 10- 
4.) Much of the secondary emission is attracted 
by this high potential. Thus, the electrons are 
returned to the power supply. The aquadag 
coating also serves as a shield for the electron 
beam. 

The deflection plates are the final compo¬ 
nents necessary to complete the electrostatic 
CRT. There are two pairs of deflection plates 
which are set at right angles to each other, and 
the electron beam passes between all four of the 
plates. The plates are called vertical and hor- 
zontal deflection plates according to the direc¬ 
tion in which they deflect the beam and not ac¬ 
cording to the manner in which they are mounted. 
Figure 10-4 illustrates the mounting of deflec¬ 
tion plates. 

The amount of deflection caused by a set of 
deflection plates depends upon the velocity of 
the electron beam, the voltage applied between 
the plates, and the spacing of the plates. A 
measurement of this deflection is called de¬ 
flection sensitivity. Deflection sensitivity is 
defined as the number of centimeters the spot 
on the screen will be deflected when 1 volt is 
applied to the deflection plates. Thus, a de¬ 
flection sensitivity of 0. 22 cm/volt means that 
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Figure 10-4. -Electrostatic CRT. 
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each volt d. c. applied between the plates causes 
a deflection of 0.22 cm. 

A more useful measurement of deflection 
sensitivity is known as deflection factor-mea¬ 
sured in volts per centimeter or volts per inch. 
This factor indicates the voltage that must be 
applied between the plates to obtain a deflection 
of 1 cm or 1 inch. Tube manuals give the de¬ 
flection factor in volts per inch. 

Electromagnetic CRT 

The electron gun of the electromagnetic CRT 
is very similar to the electron gun found in the 
electrostatic type of CRT. However, there are 
some differences in the two types which are pri¬ 
marily in the method of focusing and deflecting 
the electron beam. As the name implies, fo¬ 
cusing and deflection are by electromagnetic 
fields. 

In this type CRT, the first anode (after the 
control grid) serves as the accelerating element 
rather than as the focusing device. The second 
anode (rather than being the accelerating anode 
as in the electrostatic CRT) is the aquadag coat¬ 
ing with a high positive potential applied to it„ 
It serves the same purpose as aquadag coating 
in the electrostatic type CRT. However, it does 
aid in accelerating the electrons and may some¬ 
times be referred to as an accelerating anode. 

The focusing coil of the electromagnetic CRT 
replaces the second anode and performs the 
same function as the first anode in the electro¬ 
static CRT. The deflection coils, or deflection 


yoke as it is sometimes called, replace and per¬ 
form the same function as the deflection plates 
in the electrostatic type CRT. Figure 10-5 is 
an illustration of the complete basic electromag¬ 
netic CRT. 

The focusing coil is essentially an electro¬ 
magnet which fits around the neck of the CRT as 
illustrated in figure 10-6. When a d-c current 
flows through the windings of the coil, a mag¬ 
netic field is set up, part of which is within the 
neck of the tube. It should be noted that 
within the neck the magnetic lines of force have 
a mean direction which is along the axis of the 
neck. Thus, the magnetic field causes the elec¬ 
tron beam to converge. The amount of current 
in the coil may be controlled by a rheostat (fo¬ 
cus control), thus controlling the strength of the 
magnetic field. 

The manner in which the electron beam is 
focused may be explained with the aid of figure 
10-6. Point P is the crossover point which the 
electron beam is assumed to have reached after 
being emitted by the cathode, acted upon by the 
grid, and accelerated by the first anode. 

The electrons traveling down the axis of the 
tube will not be affected by the magnetic field. 
Those electrons traveling at a small angle will 
have a force applied to them perpendicular to 
the magnetic field. This force will tend to bring 
the electrons back into the line of travel. This 
action, however, could cause the electrons to 
oscillate back and forth across the neck of the 
tube and gradually damp out. As shown in figure 
10-6, an electron traveling along the line PAB 
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Figure 10-6. -Electromagnetic focusing. 
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or PDE would be forced by the magnetic field to 
take the paths PACS and PDFS, respectively. 
All electrons coming from the crossover point 
P and entering the magnetic field follow paths 
that make them meet at the common point S. 

However, it is possible that an electron 
could be traveling off to one side or the other as 
well as at an up or down angle. Thus, the mag¬ 
netic field could be acting on the electrons in 
more than one direction at one time, which 
would effectively result ih a spiral path of 
travel by the electrons, as illustrated in figure 
10-7. If you could look down on the face of the 
scope and see the paths of the electrons, you 
would see spirals such as these. Spiral (A) is 
the path of an electron that entered the magnetic 
field at a greater angle than in spiral (B). How¬ 
ever, it travels faster and they both reach point 
S at the same time. In order to focus the beam, 
it is only necessary to adjust the strength of the 
magnetic field so that the common point S falls 
on the fluorescent screen. 

Although we have considered using only elec¬ 
tromagnets for focusing, a permanent magnet 
can perform the function equally as well. Some 
CRT indicators found in aviation fire control 
equipment (predominant in bomb director sets) 
utilize permanent magnet focusing devices. The 
permanent magnet encircles the neck of the CRT 
in a manner similar to the focusing coil. 


Focusing of the electron beam is accompli¬ 
shed by moving the magnet along the axis of the 
tube until the beam of electrons is suf f iciently 
concentrated at the face. Another means of ad¬ 
justing the focus of an electron beam with a 
permanent magnet would require the use of a 
shunt. The shunt would be adjusted to increase 
or decrease the concentration of magnetic flux 
in the neck of the CRT. 

Electromagnetic deflection is sometimes 
more desirable and offers some advantage over 
electrostatic deflection. One big advantage is 


(A) (B) 
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Figure 10-7. —End view of electrons' paths. 
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that tube construction is simpler since there are 
no deflection plates within the tube. Another 
advantage is that high amplitude deflection volt¬ 
ages are not required since it is a current oper¬ 
ated device. 

To understand electromagnetic deflection of 
an electron beam in a CRT it is essential that 
the Aviation Fire Control Technician understand 
the properties and characteristics of current 
carrying conductors, their magnetic fields, and 
the interaction between two or more magnetic 
fields. (NOTE: A beam of electrons moving in 
one direction has essentially the same proper¬ 
ties as d. c. flowing through a conductor.) A 
review of chapter 7 in Basic Electricity, Nav- 
Pers 10086-B, is recommended before continu¬ 
ing further. 

The electromagnetic deflection method most 
comm only used in aviation fire control equipment 

VERTICAL 



COILS COILS 
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Figure 10-8. -Basic Illustration of a 
stationary deflection yoke. 


employs the stationary deflection yoke. A 
schematic of the yoke is shown in figure 10-8. 

As illustrated, the deflection yoke consists 
mainly of an iron core and two sets of deflec¬ 
tion coils mounted at right angles to each other. 
One set provides vertical deflection of the elec¬ 
tron beam and the other horizontal deflection. 
Each coil is composed of many turns of wire, 
and the coils of each set are connected so that 
the magnetic fields set up by each pair of coils 
travel in the same direction and parallel across 
the neck of the CRT. 

The two coils of each set are wound in series 
opposition to each other on the iron core. Thus, 
since the flux produced by each is in opposition 
(within the iron core), the only way in which the 
lines of force can form closed loops is by 
crossing the neck of the CRT. By using two 
sets of coils in this manner, two magnetic fields 
can be set up across the neck of the CRT which 
are at right angles to each other. Figure 10-9 
is an illustration of the two sets of deflection 
coils and their respective magnetic fields. ~ 

In both (A) and (B) of figure 10-9 it should 
be noted that the electron beam is coming out 
of the paper. Thus, the magnetic field around 
the beam is moving clockwise. As shown in (A) 
of figure 10-9, the magnetic flux set up by LI 
covers the upper half of the tube’s neck and is 
in opposition to the flux around the electron 
beam. The magnetic flux covering the lower 
half of the tube's neck is established by the cur¬ 
rent flowing through L2 and is traveling in the 
same direction as the lines of force around the 
electron beam. Since lines of force in opposite 
directions cause attraction between the sources, 
and lines of force in the same direction cause 
repulsion, the flux's resultant force on the elec¬ 
tron beam is in an upward direction. Thus the 
beam will be deflected in an upward direction. 
Therefore, it can be seen that an electron mov¬ 
ing prependicular to a magnetic field is de¬ 
flected at right angles to its path and to the 
field. 

If the direction of current flow through the 
windings LI and L2 is reversed, the direction 
of the flux set up by each will also be in the op¬ 
posite direction. With the magnetic flux around 
the beam unchanged, the resltant force acting 
on the electron beam will also be in the opposite 
direction. Therefore, the electron beam will 
be deflected in a downward direction. 

The speed at which the electron beam will be 
deflected across the screen of the CRT will be 
dependent upon the rate of change of current 
flow in the windings. The maximum distance 
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that the electron beam will be deflected will be 
dependent upon the amount of magnetic flux es¬ 
tablished by the coils. 

Part (B) of figure 10-9 is an illustration of 
a set of coils similar to the coils illustrated in 
part (A) except that they are oriented to deflect 
the beam in the horizontal plane. Deflection of 
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Figure 10-9-(A) Vertical Deflection; 

(B) horizontal deflection. 


the electron beam is accomplished by coils L3 
and L4 in a manner similar to the deflection in 


the vertical plane by coils LI and L2. As illus¬ 
trated, the electron beam is deflected to the 
left; but if the current through the coils is re¬ 
versed in direction, the beam will be deflected 
in the opposite direction across the screen of 
the CRT. 

Thus far the vertical and horizontal deflec¬ 
tion coils have been discussed separately. How¬ 
ever, if they were wound on the same iron core 
and energized simultaneously, the electron 
beam could be deflected in directions other than 
in the vertical and horizontal plane. The oper¬ 
ation of the stationary electromagnetic yoke is 
based on this principle. 

Figure 10-10 can be used to further illus¬ 
trate the operation of the deflection coils and 
how the electron beam can be deflected in var¬ 
ious directions. The electron beam is coming 
out of the paper, and the amplitude of the cur¬ 
rent through each coil is the same for each 
illustration in figure 10-10. 

When current flow through LI, L2, L3, and 
L4 is as shown in figure 10-10(A), the beam will 
be deflected in the direction indicated. The 
direction of the movement is the resultant of the 
vertical and horizontal forces acting on the 
electron beam which is illustrated by broken 
lines. Since each of the forces is equal, the 
resultant force is 45° from or halfway between 
the two. 

If current continues to flow in the same 
direction in LI and L2, but is reversed in the 
horizontal coils L3 and L4, the effect will be as 
shown in (B) of figure 10-10. 

With the current continuing to flow in the 
same direction through L4 and L3 but reversed 
in LI and L2, the deflection of the electron 
beam will be in the direction as illustrated in 
(C) of figure 10-10. Reversing the current 
through L3 and L4 again, but leaving LI and L2 
unchanged, will cause the electron beam de¬ 
flection to advance another 90° around the 
screen of the CRT. (See fig. 10-10 (D).) 

In summary, it should be recalled that cur¬ 
rent flow in the vertical deflection coils only, 
produced either an upward or downward deflec¬ 
tion of the electron beam, depending on the di¬ 
rection of current flow. The same was true of 
the left or right deflection produced by current 
in the horizontal deflection coils. When the 
current flow through the two sets of deflection 
coils was equal, the deflection of the electron 
beam was 45° from the vertical and horizontal 
planes. However, the quadrant in which the 
beam was deflected depended on the direction 
of current flow through the coils. 
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Figure 10-10. -Deflection yoke. 
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It should be noted that as the current in each 
set of coils was reversed consecutively, one 
after the other, the trace produced by the elec¬ 
tron beam advanced around the screen of the 
CRT by an angular amount of 90°. However, 
to have one type of scope presentation (a PPI- 


type scan), the trace on the screen must appear 
to be continuously rotating about the center axis 
of the CRT. This can be accomplished by vary¬ 
ing the amplitude of the deflection currents 
applied to each set of deflection coils at a sine 
wave rate, but the amplitude variations in one 
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pair of coils must be 90° out of phase with those 
in the other pair. 

The synchro resolver, sometimes called a 
sweep resolver, is normally used in aviation 
fire control equipment to provide currents of 
the proper value and relationship to produce a 
rotating sweep. 

Figure 10-11 is a schematic of a sweep re¬ 
solver, the rotor of which is positioned in syn¬ 
chronism with the antenna. The sweep voltage 
from the sweep generator located in the syn¬ 
chronizer is applied to the rotor winding. The 
output amplitude and polarity from each of the 
stator windings will depend upon the relative 
position of the rotor. 


right. Thus, the outputs of the stators are as 
follows: 


Stator 1 (to horizontal 

deflection coils) = E j n x sin 9 
Stator 2 (to vertical 

deflection coils) = E in x cos G 
where 0 is the antenna position. 

Figure 10-12 is an illustration of the outputs 
from the two stator windings with the antenna 
rotating back and forth in azimuth between the 
limits indicated. It should be noted that the out¬ 
puts vary at a sine wave rate 90° out of phase. 


VERTICAL 



SWEEP RESOLVER 


Figure 10-11. -Sweep resolver. 


If the antenna is pointing dead ahead at 0° 
azimuth, the vertical deflection of the electron 
beam must be maximum upward and the hori¬ 
zontal deflection must be 0. At 90° or 270° 
azimuth, the vertical deflection must be 0 and 
the horizontal deflection maximum either left or 
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TYPES OF SCANS 

The discussion of the various types of CRT’s 
thus far has been limited to construction and 
operating principles. However, before the CRT 
can be of value in aviation fire control 
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Figure 10-12.-Resolver outputs 


equipment, it must be capable of presenting data 
to the operator. 

The pattern that is produced by the scanning 
of the electron beam over the face of the CRT 
determines the type of scan. The basic terms 
to be used are defined below. 

A sweep is the trace produced on the screen 
of the CRT by the linear deflection of the elec¬ 
tron beam. The movement of the sweep across 
or around the screen of a CRT is called scan¬ 
ning. This movement is usually synchronized 
with the movement of the antenna which is also 
said to be scanning a certain area of space. 

The type or types of scans employed by a 
radar are determined by the functions the radar 
performs. The four basic types of scans (A- 
scan, B-scan, C-scan, and PPI-scan) are dis¬ 
cussed in chapter 12 of Aviation Fire Control 
Technician 3 & 2, NavPers 10387. 

TYPICAL INDICATORS 


The indicators employed in aviation fire con¬ 
trol radar sets may vary considerably in con¬ 
struction, types of scans, and in operating prin¬ 
ciples. However, their operation may be re¬ 
duced to one or more of the basic types of scans 
previously discussed. In this section, two typ¬ 
ical radar indicators are discussed-the type 
normally found in bomb director sets and one 


typical of the various types used in aircraft fire 
control systems. 


Bomb Director Indicator 


A block diagram of the indicator is shown in 
figure 10-13. Note the various inputs to the in¬ 
dicator tube and to its deflection coil assembly. 
These inputs are the horizontal sweep waveform 
and the vertical sweep waveform. The intensity 
gate, azimuth line, and course marker pulses 
are applied to the control grid of the CRT. The 
video and range line pulses are applied to the 
cathode. The indicator high voltage (+4,800 
volts) is provided by a special power supply 
normally located in the modulator unit. 

The CRT is identical to the one discussed 
previously under magnetic deflection. However, 
the operation is summarized in the following 
paragraphs. 

The control grid is at ground potential in 
static state and the cathode voltage may be var¬ 
ied between the approximate values of +25 and 
+75 (brilliance control) in respect to ground. 
Therefore, the grid bias may be set at any value 
between 25 and 75 volts. The first anode po¬ 
tential is +300 volts and the second anode po¬ 
tential is +4, 800 volts. 

A magnetic focusing ring of the permanent 
magnet type is located on the neck of the CRT. 
A second ring on the neck of the tube contains 
the deflection coil assembly. The coils in the 
assembly set up magnetic fields which position 
the electron beam in the same manner as that 
discussed earlier in this chapter. 

Intercept System Indicator 


A typical intercept system indicator utilizes 
a CRT containing three complete electron guns 
and their associated deflection systems. Each 
gun or portion of the CRT presents certain in¬ 
formation during the various modes of opera¬ 
tion. The information presented by the three 
electron guns in the search and track modes of 
operation is given in table 10-1. 

The three electron guns contained in the CRT 
are referred to as the A-,B-, and C-guns but 
they do not necessarily provide A-, B-, and C- 
type scans. However, the B-gun does provide 
a B-scan in both the search and track modes of 
operation. The search and track displays illus¬ 
trated in figures 10-14 and 10-15 should be 
studied in conjunction with table 10-1. 
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Figure 10-13.-Block diagram 

To facilitate understanding the operation of 
the indicator, the terminology used in figures 
10-14 and 10-15 is explained as follows: 

Elevation strobe-Indicates degree of antenna 
tilt in relation to interceptor axis, as measured 
by etched elevation scale on right edge of the 
scope. 

Range strobes-Parallel lines 1 mile apart, 
used to select a target for tracking. Pilot ad¬ 
justs the range strobe until lines straddle tar¬ 
get. 

Artificial horizon-Provides indication to 
scope of interceptor attitude (climb or bank). 

Altitude line-Ground-clutter return result¬ 
ing from the side lobes of antenna radiation. 
Appears at range roughly corresponding to alti¬ 
tude of interceptor. 

B-scan-Traces out on scope the azimuth 
motion of the antenna. Actual range to target 
is indicated by location of the target on the 
range sweep (vertical time base). 

Azimuth-strobe-Indicates azimuth position 
to which antenna will slew when lock-on switch 
is pressed to begin automatic tracking. Posi¬ 
tion of azimuth strobe is changed by moving an¬ 
tenna controller. 

Figure 10-16 is a schematic diagram of the 
multiple gun CRT that is discussed and should 
be referred to frequently. The circuitry com¬ 
mon to all three of the electron guns will be 
discussed first. 
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of a bomb director indicator. 


Table 10-1. --Information presented by each 


electron gun for each mode of operation. 


Electron 

Mode 

gun 

Search 

Track 

A-gun 

Elevation strobe. 
Artificial 
horizon. 

Range circle. 
Range rate gap. 
Artificial 
horizon. 

B-gun 

Azimuth and 
range (B-type 
scan). 

Range strobes. 
Targets. 

Azimuth and 
range (B-type 
scan). 

Targets. 

C-gun 

Azimuth strobe. 

Steering circle. 
Steering dot. 


The aquadag coating of the CRT (VI) serves 
to collect the space charge and provide an ac¬ 
celerating voltage (8 kv) for all three of the 
electron guns. The cathode of each electron 
gun has a negative 3.85 kv potential applied 
from a common source. The second anode of 
each gun is connected in a similar manner to a 
variable positive potential. This potential may 
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Figure 10-14. -Search presentation 
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vary from 150 to 300 volts as determined by the 
setting of R28. This potential is set for best 
overall focus action of the three guns. Thus, 
each gun has the same applied accelerating 
voltage on their second and final anodes. 

The B-gun intensity is controlled by R7 
which determines the clamping level for the 
control grid. The focus control, R12, adjusts 
the voltage applied to the first anode of the B- 
gun. (See fig. 10-16). 

The A- and C-guns utilize a single opera¬ 
tor's control for their focusing. Their intensity 
is controlled in a similar manner. However, 
the circuits supplying the potentials for the fo¬ 
cus and intensity controls contain additional 
balancing adjustments which the technician must 
make. It should be noted from table 10-1 and 
figure 10-14 and 10-15 that the intensity and fo¬ 
cus of the two guns must be equal to insure that 
all information presented on the indicator will 
be equally visible to the operator. 


Referring to figure 10-16, note that the con¬ 
trol grids of the A- and C-guns are connected 
to R4 and R9, respectively. These potentiom¬ 
eters provide the technician with a means of ad¬ 
justing the intensity of the A- and C-guns indi¬ 
vidually. The potentiometer R5B is connected 
in series with R4 and R9 and varies the voltage 
applied to the two controls. Thus, it is capable 
of controlling the intensity of the A- and C-guns 
simultaneously after the individual controls 
have been balanced. 

The focus of the A- and C-guns can also be 
controlled individually by the setting of R22. 
Adjusting R22 must be done by the technician. 
It increases the voltage applied to the first 
anode (focusing anode) of one gun while it re¬ 
duces the anode voltage of the other gun like 
amount. Thus, it must be set for equal focus 
of the two guns. Potentiometer R5Ais in series 
with the potential applied to R22 and thus con¬ 
trols the focus of both the A- and C-guns si¬ 
multaneously. 
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Figure 10-15.-Track presentation. 
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In the discussion thus far the inputs to the 
control grids and deflection plates of the three 
electron guns have not been mentioned. The 
deflection plates of each gun are direct-coupled 
to the sweep generating circuits. However, the 
horizon line deflection signals are fed through 
an artificial horizon resolver and climb pot cir¬ 
cuit to correct for the roll and climb of the air¬ 
craft. 

NOTE: The sweep generating circuits used 
by radar sets of this type are discussed in de¬ 
tail in chapter 5 of this manual. 

Each of the three control grid circuits con¬ 
tains a clamper to insure that the control grids 
are clamped at the same level for all inputs. 
The various blanking pulses, video pulses, and 
marker pulses are applied to the control grids 
to intensity modulate the three electron guns. 

DIRECT VIEW STORAGE TUBE 

A direct view storage tube (DVST) is simi¬ 
lar in many respects to a conventional CRT, but 
has some differences which make it superior 


for an airborne radar display. Among its chief 
advantages are the following: 

1. Higher light output when required. 

2. Longer persistence of the display high¬ 
lights. 

3. Persistence controllable for adaptation 
to a wide variety of conditions (search/track, 
etc.). 

4. Smaller overall package design is pos¬ 
sible. 

There are many others that could be men¬ 
tioned, but the above will suffice for the pur¬ 
poses of this discussion. Figure 10-17 shows 
a DVST as used in the AN/APQ-72 radar in 
the F-4B aircraft. The entire tube is potted 
within its magnetic shield to provide protection 
against mechanical^shock, vibration, humidity, 
and leadkage between bulb terminals. 

The major difference between CRT and 
DVST display devices is the inclusion in the 
DVST of a low velocity electron gun known as 
the viewing or flood gun. It is through this 
viewing gun that the advantages of the DVST can 
be realized. It is the viewing gun electrons 
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that provide all of the significant light output 
from the DVST and, since it is the major dif¬ 
ference between the DVST and the CRT, a dis¬ 
cussion of the viewing gun and its operation will 
answer most questions about storage devices of 
this type. (See fig. 10-18.) 

The heater/cathode combination performs 
the usual function of emitting electrons, and the 
screen provides the conversion of electron en¬ 
ergy to light energy, its usual function. The 
less usual parts or functions (fig. 10-18) are as 
follows: 

1. Grid No. 1-Viewing grid No. 1 is un¬ 
usual in that its major function is not signal in¬ 
sertion or the cutting off of electron flow. The 
negative field between it and the cathode serves 
only to shape the electron beam. 

2. A2-This grid, sometimes known as grid 
No. 2, also affects the shape of this electron 
beam and accelerates the beam toward the 
screen. However, since this element is com¬ 
mon to the "writing gun,” it also affects the 
focus (astigmatism) of the writing gun and 
therefore has a very limited operating range 
unless the mean potential of the writing gun de¬ 
flection plates Is made adjustable. 

3. Collimator-This electrode is in the form 
of a large cylinder through which the diverging 
electron stream must pass on its way to the 
screen. The stream is made to diverge (spread 
out) by adjustment of the grid No. 1 and A2 
voltages. This is what is meant in this case by 
shaping the electron stream. In theory, the 
collimator, as its name implies, now attempts 
to influence this diverging electron stream so 


as to "make parallel" or collimate these diverg¬ 
ing electrons. As can be seen from figure 
10-18, this element can be made positive or 
negative with respect to A2 and therefore can 
create a positive or negative field to accomplish 
collimation. In actual practice, it is more im¬ 
portant to achieve uniform current density than 
a parallel beam, and this is done by observing 
the screen for as nearly uniform illumination 
as possible while adjusting A2, grid No. 1, and 
the collimator voltages. 

4. The collector is an electrode, which con¬ 
sists of a fine wire mesh, tightly stretched, and 
provides additional acceleration of the colli¬ 
mated beam. Because the collector is a mesh, 
about half of these electrons will pass through. 
The remainder will be collected directly by the 
collector. It has the additional function of col¬ 
lecting secondary electrons emitted by the 
backing electrode. 

5. The backing electrode performs the 
storage function for the DVST and is often re¬ 
ferred to as the "storage grid." Like the col¬ 
lector, it consists of tightly stretched, fine 
wire mesh, but additionally the back of this 
mesh is coated with a material which has the 
property of emitting, on the average, more 
than one secondary electron for each primary 
high velocity electron that strikes it. From 
figure 10-18, it can be seen that the viewing gun 
electrons that pass through the collector find 
themselves in a negative field, the backing elec¬ 
trode being a +2 volts. Since their initial ve¬ 
locity is low (only +265 volts from cathode to 
collector for acceleration), they approach this 
backing electrode at almost zero velocity. 
Under the initial conditions shown in figure 10- 
18, most of the electrons drift through the mesh 
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Figure 10-17.-Direct view storage tube. 


AQ. 183 


FACE PLATE 



AQ. 184 

Figure 10-18.-DVST pictorial diagram. 

and are rapidly accelerated by the screen volt¬ 
age, which can be as high as +10,000 volts. 

The viewing gun electrons are now high ve¬ 
locity electrons and, when they strike the phos¬ 
phor, illuminate the entire screen area (or 
nearly so if the tube has been previously colli¬ 
mated). If the backing electrode is made neg¬ 
ative with respect to the viewing gun cathode, 
fewer electrons would pass through it, and there 
would be less light emitted from the screen. 
If this process is carried on far enough, com¬ 
plete cutoff of light could be accomplished, 
since all electrons approaching this negative 
electrode would be turned back to the collector. 
This can be done by a process called erasing. 


A usual value for backing electrode cutoff is 
about -6 volts, so that any time the side of the 
backing electrode facing the cathode is between 
-6 volts and 0, the screen will have some de¬ 
gree of illumination (maximum atO, minimum 
at -6 volts). The backing electrode can be con¬ 
sidered as a capacitor, with the mesh as one 
plate and the backing materials as the other. 
(NOTE: The backing material is a poor con¬ 
ductor or semi-insulator and therefore insulates 
itself from the mesh while acting as a capacitor 
plate.) 

Equivalent Circuit 

The equivalent circuit (fig. 10-19) is a two- 
dimensional simplified representation of the 
three-dimensional tube. The electron beam 
flow is from left to right. The capacitance of 
the backing electrode is indicated, neglecting 
the parallel resistance which would indicate the 
effect of dielectric surface leakage. From fig¬ 
ure 10-19, it can be seen that electrons will 
flow into the left-hand plate of the capacitor un¬ 
til that plate is the same potential as the diode 
cathode, Dl, which is 0 volts in this case. The 
charge on the capacitor is now 2 volts. Elec¬ 
trons from the viewing gun pass through the 
backing electrode at a maximum density because 
the backing electrode is at 0 volts on the view¬ 
ing gun cathode side. 

Consider the results if this capacitor were 
suddenly switched from a +2-volt source to a 
+8-volt supply. Since the charge on the capaci¬ 
tor cannot change instantaneously, the left side 
of the capacitor becomes 6 volts positive and 
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viewing gun electrons flow until the charge on 
the capacitor is 8 volts. If at that time the ca¬ 
pacitor is switched back to the +2-volt supply, 
the left side of the capacitor will be at -6 volts 
(total charge still 8 volts)- the viewing gun will 
be cut off, and the screen is dark. Now if the 
capacitor is switched back to the 48-volt supply, 
the screen will be illuminated to maximum 
brightness; and when it is returned to the+2-volt 
position, the screen will be dark. If the switch¬ 
ing is rapid between +2 and +8 (using a multi¬ 
vibrator for example), the light emitted from 
the screen will assume some average value be¬ 
tween maximum (or saturated) light output and 
0, depending on the percentage time spent at 
+ 8 volts compared to the PRF (duty cycle). 
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Figure 10-19.-Equivalent circuit 
for erasing operation. 

Erasing 

It can be seen from examination of the equi¬ 
valent circuit that there is no discharge path for 
this capacitor or backing electrode other than 
capacitor leakage. This is so because the view¬ 
ing gun cathode can supply electrons but cannot 
take them back, hence the reason for including 
a diode in the equivalent circuit. In theory then, 
a storage tube could be made, which, once cut 
off in this manner, would remain cut off for ex¬ 
tremely long periods of time (days). In a prac¬ 
tical storage tube, however, this cutoff condi¬ 
tion can be maintained for several seconds to 
several minutes, depending primarily on the 
quality of the vacuum and the storage grid. The 
apparent storage time can be increased by a 
process called over erasing which can be done 
by adjusting the + 8 volt supply or pulse to +10 
or +12 volts. But this is not a desirable situ¬ 
ation in most cases, since it reduces the sen¬ 
sitivity of the tube considerably. (There may 
be times when it would be desirable to trade 
sensitivity for increased storage time, however. 

We can also see that, as in the case of any 
resistor-capacitor combination, a certain 


amount of time is required to affect the charging 
of the capacitor. The storage grid time con¬ 
stant is typically 5 milliseconds, and it takes 
about 10 time constants for complete charging 
(50 milliseconds) of the storage grid. 

This can be accomplished by turning on the 
+8-volt supply for 50 milliseconds, or it can be 
done by turning on the + 8-volt supply 1 milli¬ 
second 50 times or any combination of pulses 
and pulse widths whose total comes to 50 milli¬ 
seconds or more. 

After this erasure process is completed, the 
storage grid is ready to accept information to 
store. This is accomplished by means of a 
writing gun, identical in every respect to a con¬ 
ventional CRT electron gun. The writing gun 
supplies a finely focused, high velocity electron 
stream that can be deflected to any area of the 
storage grid in the usual manner. Figure 10-20 
shows the actual tube construction and the rela¬ 
tionship of the writing gun to the viewing gun. 

This high velocity electron beam will strike 
the storage grid and, because of its high velo¬ 
city, several secondary electrons will be emit¬ 
ted by the storage grid for every primary elec¬ 
tron that strikes the grid. These secondary 
electrons are collected by the collector and the 
effect is to bring that area of the storage grid 
out of cutoff. This in turn allows viewing gun 
electrons to pass through the grid continuously 
and illuminate the screen. The more primary 
electrons that arrive, the farther out of cutoff 
the storage grid will go, up to the point where 
it tries to become positive with respect to the 
viewing gun cathode. The presence of viewing 
gun electrons will prevent the grid from going 
above cathode potential because, if it did, con¬ 
duction would bring it back down. Hence it can 
be seen that a slow scanning, low current den¬ 
sity beam will eventually write just as brightly 
as a high current density, fast scanning beam. 
In fact, a writing gun which is very nearly cut¬ 
off will eventually write to full light output if it 
is allowed to stay in one spot long enough. 
Wherever this writing beam hits the storage 
grid, the grid is moved out of cutoff by some 
amount, depending on the current density and 
the dwell time of the beam; also, where the 
storage grid is above cutoff, viewing gun elec¬ 
trons pass through the grid and continuously 
illuminate the screen. It is through this con¬ 
tinuous illumination that the high light output is 
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Figure 10-20. -Cross sectional view of DVST. 
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obtained. Otherwise, the light output of a stor¬ 
age tube would be about the same as a conven¬ 
tional CRT of similar design. It is this high 
light output that permits using the display in rel¬ 
atively high ambient light conditions or, if that 
is not required, permits the use of filters of 
various types that would attenuate the light of a 
CRT to otherwise prohibitively low values. 

Controllable Persistence 

It was mentioned earlier that not only could 
long persistence of the bright display be ob¬ 
tained but that this persistence was controllable. 
Let us see how this can be done. 

Suppose it is desirable to have approximately 
4 seconds persistence. One way in which this 
could be done would be to ’’write'' for 4 seconds 
and at the end of that time, apply one 50-milli¬ 
second erase pulse. It works, but it is some¬ 
what disconcerting to the operator to receive a 
burst of full light output every 4 seconds. In 
addition, the information presented to the op¬ 
erator would not be continuous since at the 
completion of the single erase pulse the screen 
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Figure 10-21.-Erase pulse. 

would be clean and information would have to be 
completely rewritten! 

A better way would be to supply a chain of 
erase pulses continuously in such a manner that 
changing information, being continuously re¬ 
newed, would decay only slightly between scans 
of the writing gun. One way to do this is by 
supplying the waveform to the backing electrode 
that appears in figure 10-21. 

The PRF of this waveform is (1/4000) x 
10° = 250 pps. Since 50 milliseconds (50 x 
10-3 seconds) is required to effect complete 
erasure, the number of pulses required for 
erasure is (50 x 10 _ 3) (50 x 10"°) = 1,000 
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pulses. At 250 pps, 1,000 + 250 or 4 seconds 
are required to effect complete erasure. 
Mathematically, 

50 x 10" 3 

Persistence = -- 

PRF x PW 

Total time for erasure 


Portion of erasure ac¬ 
complished each erase 
pulse cycle 

The 50 milliseconds is a tube constant which 
can be different for different tubes and may even 
vary slightly within tubes of the same type. But 
it is typical of many tubes in current production. 
Persistence can be changed at will by changing 
either the PRF or the width of the erase pulses 
or both. The amplitude of the pulse must be 
carefully adjusted to achieve cutoff without 
overerasure or undererasure. Overerasure re¬ 
sults in severe loss of writing sensitivity since 
small signals will no longer bring the storage 
grid out of cutoff. Undererasure will mean old 
information will never be erased from the dis¬ 
play area, resulting in smearing and the loss 
of dynamic range (ratio of smallest signal to 
largest signal, usually measured in db). 

The means for changing persistence to suit 
conditions are now available. Hence for fast¬ 
changing displays, short persistence is desir¬ 
able so the PRF may be stepped up to 2, 500 pps 
to achieve a 0. 4-second persistence. A con¬ 
trol could be supplied so that the persistence 
can be made continuously variable from very 
short to very long. 

Screen Damage 

By its nature, a storage tube screen is 
harder to damage by misuse than a conventional 
CRT. However, some precautions and some 
peculiarities of the tube should be pointed out. 

Where damage to CRT screens results in 
dark spots due to burned phosphor, similar 
damage to a DVST results in a bright spot since 
the burn is usually not on the phosphor but on 
the storage mesh. This has the effect of ''short¬ 
ing" the capacitor in the area of the burned spot, 
and that area can never be cut off. To avoid 
such damage, the writing gun should never be 
allowed to collapse to a spot and remain station¬ 
ary for a long period of time. Similar treat¬ 
ment to a CRT results in nearly instantaneous 


screen damage and, though it takes a little 
longer with a storage tube, damage will be done. 
Since the intensity of a storage tube is controlled 
by varying the screen potential (+10 kv), merely 
turning down the intensity control will not pre¬ 
vent this type of damage since it only controls 
screen current. The writing gun bias must be 
turned down to prevent this type of damage to 
the storage grid. 

Another way to damage the DVST is to write 
on areas not illuminated by the viewing gun 
since there would be no supply of viewing elec¬ 
trons to prevent charging the storage mesh up 
to a destructively high voltage. Since the ca¬ 
pacitor is "rated" at 35 volts, breakdown would 
occur when the voltage exceeds some value near 
its rating. (A sharp-eyed observer will note 
that as soon as this potential exceeds the col¬ 
lector potential of +265 volts, the secondary 
electrons will no longer be collected by the col¬ 
lector and further charging toward 2,400 volts 
would be limited.) Even so, +265 volts would 
still cause failure. 

As was stated earlier, the principal source 
of light output from the screen is the effect of 
the viewing gun electrons. Some of the high ve¬ 
locity electrons from the writing guns will pass 
through, to the screen, however, and illuminate 
it. This illumination is more apparent under 
some conditions than others (for example, with 
low screen voltages). The persistence of this 
"write through" is the same as that built into 
the phosphor screen and is not controllable. 
And, because of the geometry of the DVST com¬ 
ponents, the "write through" may appear slightly 
displaced from its stored counterpart. Because 
of its different character (that is, very short 
persistence, smaUer line width, and in most 
cases lower light output), it is easily distin¬ 
guished from the stored information and causes 
little concern unless the operator is not familiar 
with its cause. 

Some of the advantages offered by the DVST 
may not be so apparent on first examination. 
Very important is the saving in total weight and 
size of an indicating system using a DVST. 

For example, because the backing electrode 
is very nearly at ground potential, it forms an 
effective shield between the writing gun deflec¬ 
tion system and the +10, 000-volt screen poten¬ 
tial. This factor, added to the relatively low 
writing gun voltage required for proper opera¬ 
tion, allows subminiature tubes to be used in 
the writing gun deflection system. Similar size 
savings are to be realized in the writing gun 
power supply. 
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In addition, because of the characteristics 
of the backing electrode, it is unnecessary to 
drive the writing gun grid to zero bias to ob¬ 
tain maximum light output, as in the case with 
the conventional CRT’s. Additional savings in 
weight, space, and power consumption are to 
be realized in the design of the video amplifier. 
Again, subminiature tubes become practical. 

As a result, a given indicating system can 
be packaged so that it is shorter in length, 
smaller in cross sectional area, and lighter in 
weight. This requires less primary and second¬ 
ary power, yet provides target detection en¬ 
hancement and display brightness that would 
normally not be possible with conventional CRT 
devices. 

VERTICAL DISPLAY INDICATOR 

The vertical display indicator (VDI) dis¬ 
cussed in this chapter is the AN/AVA-1 installed 
in the A-6A aircraft. It is the result of a spe¬ 
cial study of aircraft instrumentation. The pur¬ 
pose of this study was to develop an integrated 
display concept that would provide a single opti¬ 
mum cockpit design which would have all of the 
necessary data displayed in a configuration that 
would require a minimum of interpretation and 
coordination on the part of the pilot. This would 
permit optimum utilization of the weapons sys¬ 
tems’ capabilities by increasing the speed and 
precision of pilot response; and it would in¬ 
crease flight safety by decreasing pilot fatigue, 
tension, and the possibility of vertigo during 
instrument flights. These features are vitally 
important in a high-speed, low-level attack 
aircraft. 

The VDI is an analog computer readout de¬ 
vice designed to display a three-dimension 
world picture 50 times per second. The ver¬ 
tical dimension of the display represents ±20° 
elevation, and its horizontal dimension repre¬ 
sents ±25° relative bearing. The third dimen¬ 
sion, range, is illusionary; it is created by in¬ 
tensity modulating the display with symbols 
which are formed and moved in accordance with 
the rules of perspective. 

The readout is traced as a rectangular ras¬ 
ter on a CRT. The raster is essentially a con¬ 
ventional TV raster, except that it is swept 
from the bottom to the top of the display. 

The VDI presents to the pilot an easily in¬ 
terpreted televisionlike display all of the flight 
and command information he must have to fly 
his complete mission under any weather condi¬ 
tion. The symbols it generates, representing 
a vertical field of ±20° and a lateral field of 


±25° (table 10-2), are displayed in perspective 
and motion to create an analog of the world as 
viewed through the forward cockpit window. 
This display is defined as ’’contact analog." 

Symbols, as selected on the control console, 
are presented against this electronically pro¬ 
duced analog of the real world's vertical plane. 
Commands and flight cues, received from other 
aircraft systems (fig. 10-22) and presented on 
this familiar background, are followed almost 
automatically by the pilot, saving the time for¬ 
merly required to read and interpret scattered 
gages, indicators, and displays, and then trans¬ 
late the acquired information into the correct 
commands to the aircraft. 

The VDI, operating in the contact analog 
mode, presents easily perceived ground and 
sky texture as a background to flightpath pre¬ 
sentation (fig. 10-23), as well as other visual 
and instrument flight cues which also assist the 
pilot under both visual and instrument flight 
conditions. The relative size and position of 
the display elements are automatically adjusted 
by variable signals originating in sensor equip¬ 
ments and processed in the Ballistics Computer 
Set AN/ASQ-61. (The DIANE computer AN/ 
ASQ-61 is described in chapter 11.) A trans¬ 
parent command flightpath is superimposed on 
the ground and sky textures. This command 
flightpath consists of a centerline, command 
heading lines which converge at the horizon, 
and horizontal tar strips. The command flight- 
path geometry is continuously altered to present 
heading, attitude, altitude, and attack command 
signals. The horizontal tar strips in the flight- 
path appear to move toward the pilot, creating 
the proper impression of speed. The direction 
of motion and speed of the command speed 
markers at the right of the flightpath relate the 
actual airspeed to the command airspeed. 
Movement of the command speed markers to¬ 
ward the pilot indicates that the aircraft is ex¬ 
ceeding the command speed, while movement of 
the command speed markers away from the pi¬ 
lot indicates that the aircraft is below the com¬ 
mand speed. 

When the aircraft is above the prescribed 
flightpath, the flightpath on the VDI narrows; 
while if the aircrafts below the prescribed al¬ 
titude, the path appears extra wide. Deviation 
from the command course is presented as a 
lateral distortion of the displaced flightpath. 

A simulated horizon line separates the sky 
and ground textures and moves up or down in 
relation to fixed fiducial markers at the edge of 
the display to indicate aircraft attitude. To 


256 


Digitized by 


Google 




Chapter 10-RADAR INDICATORS 


Table 10-2.—Vertical display symbols and markers. 


Symbol 

designation 

Description 

Gray scale 

Max. dim. 

Min. dim. 

Max. display 
angular range 





Hor. 

Vert. 

GROUND 

TEXTURE 

ELEMENTS 

Elliptical elements that 
emanate from the 
horizon and move in 
accordance with a 
quasi-random ground 
plane. 

Dark gray 

Major axis 

1.5 in. 

Major axis 
0.5 in. 


±20° 

PERSPECTIVE 

GRAY 

SHADING 

The ground texture is 
backed by a per¬ 
spective shading 
which varies from 
black at horizon to 
light gray at display 
bottom. 

Black to 
light gray 





SKY 

Analog of sky. 

Medium to 
light gray 





CLOUDS 

Analogs of cumulus 
clouds: stationary 
for fixed A/C atti¬ 
tude-move with 
attitude change. 

Light gray 

Major axis 

1.5 in. 

Major axis 
0.5 in. 


±20° 

FLIGHTPATH 

Vertical lines converg¬ 
ing at the horizon. 

Black 

50° real 
world 

25° real 
world 

±25° 

±10° 

TAR STRIPS 

Horizontal lines that 
move down the path, 
sized and spaced in 
perspective. 

Dark gray 

0.25 in. 
wide 

0.125 in. 
wide 


±20° 

IMPACT POINT 

A solid circle used to 
indicate the impact 
point of A/C. 

Bright 

5/32-in. 
circle 
fixed 


±25° 

±20° 

COMMAND 

SPEED 

SYMBOL 

Three parallelograms 
that are placed in a 
line and paralleled 
to path. 

Bright 

0.375 in. long 
0.25 in. wide 
fixed 




COMMAND 

HEADING 

LINES 

Three lines that radiate 
from the path apex 
and rotate with 
heading error. 

Dark gray 

0.06-in. wide 
fixed 
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Table 10-2.—Vertical display symbols and markers—Continued. 


Symbol 

designation 

Description 

Gray scale 

Max. dim. 

Min. dim. 

Max. display 
angular range 





Hor. 

Vert. 

±30° PITCH 

LINE 

These lines denote ±30° 
elevation angles when 
in display center. 

Black 

Black 

0.125 in. wide 
0.125 in. wide 
fixed 



±20° 

±20° 

+60° PITCH 

LINE 

Same function as above. 

Black 

0.25 in. wide 
fixed 



±20° 

+90° PITCH 

LINE 

(ZENITH 

MARKER) 

A dashed line with six 
segments; same 
function as above. 

Black 

0.25 in. wide 
fixed 



±20° 

PULLUP 

MARKER 

A line that moves down 
the path in perspec¬ 
tive and denotes 
pullup when at bottom 
of display. 

Black 

0.25 in. wide 

0.06-in. wide 


±20° 

RELEASE 

MARKER 

A horizontally elongated 
"L" that moves down 
the path in perspective. 

Black 

0.25-in. hor. 
0.75-in. 
vert. 

0.06-in. hor. 
0.37-in. 
vert. 


±20° 

TARGET 

SYMBOL 

A solid square that indi¬ 
cates the position of 
the target in the 
ground plane. 

Bright 

0.25-in. 

square 

fixed 



±20° 

WEAPON 

SYMBOL 

A hollow square that de¬ 
notes weapon on 
target when cir¬ 
cumscribing target 
symbol. 

Bright 

0.625-in. 

square 
0.125 in. line 
width fixed 



±25° 


enhance the illusion of a true world picture,the 
display is darkened at the horizon and gradually 
increases in brightness toward the foreground. 
When the aircraft angle of attack exceeds ±20°, 
the horizon line no longer appears on the display, 
and the distinctive pitch lines which indicate 
*30°, +60° and +90 pitch are generated. 

The entire display is rotated mechanically 
to provide the pilot with realistic roll informa¬ 
tion (fig. 10-24). All connection to the deflec¬ 
tion yoke are by sliprings to permit the roll 
servo to rotate the yoke in excess of 360°. All 
command and orientation indications other than 
null indications are qualitative only; e.g., the 
horizon does not represent any specific distance, 


a target symbol placement does not indicate 
any specific range or bearing. 

The VDI automatically shifts to the attack 
phase at the command of the DIANE computer. 
The target symbol appears on the display when 
it is in range. The pilot maneuvers the aircraft 
to center the target symbol inside the weapon 
symbol on the flightpath. (See fig. 10-25.) The 
correct release point, dependent on the weapon 
selected, mode of delivery, and aircraft para¬ 
meters (e.g., load, altitude, speed, and es¬ 
cape time), is computed by the DIANE. This 
information is presented on the VDI as a release 
marker which originates at the display center 
and moves down the flightpath. The weapon is 
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Figure 10-22. -VDI subsystem interconnection block diagram. 


AQ. 188 


released when the marker hits the bottom of the 
display. 

In addition to the primary contact analog 
mode of operation, the pilot can select two al¬ 
ternative modes: terrain clearance or E-scan 
as described in chapter 9 of this manual. The 
command flightpath, but not the ground and sky 
texture, is displayed along with processed video 
from the search radar. (See fig. 10-26.) High 
points, i. e., points at or above the selected al¬ 
titude, are indicated as bright returns; low 
points, as shadows. E-scan is intended pri¬ 
marily as a secondary mode in case of failure 


of the search radar or terrain clearance. It 
is obtained by processing returns from the at¬ 
tack radar operating in its secondary mode. The 
E-scan display contains processed radar in¬ 
formation only; it shows the depression angle 
and the true range to ground targets along the 
aircraft line of flight. 

Symbol Circuits 

The symbol circuit (fig. 10-27) must per¬ 
form two major functions: First, it must gen¬ 
erate its distinctive symbol; and second, this 
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COMMAND SPEED MARKERS 



HORIZON 


IMPACT POINT 


FIDUCIAL 

MARKER 


FIDUCIAL 


COMMANDHEADINGLINES 
(FLIGHT PATH) 


AQ. 189 

Figure 10-23. -VDI display-A-6 in 
level flight on command path. 



GROUND TEXTURE 


AQ. 190 

Figure 10-24. -Aircraft at 45° left roll. 


symbol must be located. In addition, the sym¬ 
bol must be dimensioned on the display in accor¬ 
dance with the rules of perspective. Dynamic 
changes in both size and position must be con¬ 
trolled automatically. 

Since the horizontal and vertical driving volt¬ 
ages are linear, any location of the face of the 
scope can be given in terms of horizontal and 
vertical deflection voltages from the center 
(Ov, Ov); 1-inch deflection, horizontal or verti¬ 
cal, equals 8. 57 volts. 

The horizontal sweep sawtooth is summed 
with a d-c reference level signal supplied by the 
DIANE computer (or other sensing equipment) 
to the horizontal variable delay pickoff. The 
pickoff acts as a switch which is open until a 
fixed voltage is applied and closed after it is 
applied. The pickoff output, a ramp voltage, is 
applied to a differentiator circuit giving an out¬ 
put pulse width equal to the duration of the ramp 
input. The pulse is then differentiated to give 
a positive impulse at the leading edge and a neg¬ 
ative impulse at the trailing edge. 

The positive impulse triggers a blocking 
oscillator (single cycle, 9.6 nsec). The sine 
wave is amplified, and then clipped to form a 
square wave of 9. 6 microseconds duration. 



ROCKET / MARKER 
SYMBOL TARGET 


AQ. 191 

Figure 10-25. -Pitch and heading errors 
zeroed prior to weapon release. 

The square wave is then integrated and am¬ 
plified to form a back-to-back sawtooth, which 
is fed through a clipper, and the clipping level 
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adjusted by the vertical sawtooth. The clamped 
back-to-back sawtooth is then fed to a saturating 
amplifier chain to form a positive horizontal 
gating pulse to the coincidence gate. 

The vertical gating signal is generated in the 
same manner. The input signals are the ver¬ 
tical sawtooth and a d-c positioning signal. The 
blocking oscillator period is 2. 86 milliseconds. 

There is a positive output signal to the video 
mixer and amplifier only when both the vertical 
and horizontal gating pulses are applied to the 
coincidence gate. This symbol may be placed 
anywhere on the display by varying the reference 
potentials applied to the horizontal and vertical 
variable delay pickoffs. 

Three operations are performed on a symbol 
to create the impression of motion in three di¬ 
mensional space. As it approaches the display 
foreground, the symbol is affected as follows: 

1. Amplitude (intensity) is increased. 

2. Size is increased. 

3. Speed is increased. 



AQ. 192 

Figure 10-26. -Vertical display indicator: 
terrain clearance mode. 
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COINCIDENCE 

AMPLIFIER 


n 


SYMBOL GATE 
TO VIDEO MIXER 


Figure 10-27. -Sample signal 

Operation one is performed on all video to 
enhance the illusion of distance in the display. 

A portion of the vertical sweep voltage is applied 
as bias to the video amplifier during the ground 
display section only. Since the sky texture re¬ 
mains stationary in straight and level flight and 
is not proportioned to represent distance, it is 
not affected by the horizon shading circuits. 

Motion inputs (input voltage level variations) 
are used to simulate motion relative to the air¬ 
craft. Except for the target symbol, size var- 


AQ. 193 

generator block diagram. 

iations are employed to represent changing dis¬ 
tance between the aircraft and the item being 
represented by the symbol. 

Operation and Controls 

The pilot selects and controls the desired 
displays on both the VDI and the pilot's horizon¬ 
tal display on the Cockpit Horizontal-Vertical 
Console. These controls are illustrated in figure 
10-28. Although the pilot can arbitrarily select 
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any display mode on the console, the bombar¬ 
dier/navigator must operate the search or track 
radar in the proper m^dc to supply the correct 
radar information. 

Power Supplies 

The low voltage power supply is an a-c to 
d-c converter which supplies properly filtered 
d-c power for the VDI transistor circuitry. The 
high voltage power supply converts aircraft 
power of 115 volts, 400 Hz, to 10,000 volts 
d. c., and 500 volts d. c. to operate the cathode 
ray tube. 



AQ. 194 

Figure 10-28. -Cockpit Horizontal-Vertical 
Console. 
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DIGITAL COMPUTERS 


Present and future technicians will be faced 
with a collection of electronic equipments which 
use computers as integral portions of the over¬ 
all system. To understand the operation of the 
system in general, and the computer portion in 
particular, it is necessary to have a basic 
understanding of computer functions, circuitry, 
terminology, and applications. Basic Elec¬ 
tronics, NavPers 10087-B, chapter 16, presents 
a basic coverage of the purpose, operation, and 
theory of computers, together with some of the 
terminology peculiar to them. Review and study 
of these basic coverages will aid in understand¬ 
ing the material covered in this chapter. 


INTRODUCTION TO 
DIGITAL COMPUTERS 

In the past few years, the term digital com¬ 
puter has appeared in Navy nomenclature. This 
term refers to an electromechanical device 
which is used in applications such as fire con¬ 
trol, communications, and tactical data proc¬ 
essing. Digital computers accomplish things 
that were impossible before, and they speed up 
processes which formerly required consider¬ 
able time. Although the operations of com¬ 
puters are not new, the techniques of elec¬ 
tronics have made possible a computer contained 
in a small, lightweight package which is adapt¬ 
able to aircraft systems. Also, prior to the 
incorporation of electronics in digital com¬ 
puters, the great speed of operation required 
was impossible with purely mechanical devices. 

The technician of today is faced with equip¬ 
ments which have the computer used as an in¬ 
tegral part of the overall system. Therefore, 
the technician must have a basic understanding 
of computer functions, the circuitry involved, 
the numbering system used, and computer 
terminology. 

The definition of a computer is: Any device 
capable of accepting information, applying 
mathematical operations to that information, 
and obtaining useful results of these operations. 
Therefore, a computer must have an input, 
processing, and output section. 


Before any problem can be solved by a com¬ 
puter, the quantities involved must be ex¬ 
pressed in terms of common units; that is, 
digital computation is the process in which 
digits alone are used to solve the problem. 

Basically, the purpose of a digital computer 
is the same as that of any other computational 
aid. However, it is more accurate within prac¬ 
tical limits of speed. Computers can perform 
thousands of repetitive computations involving 
hundreds of thousands of digits without making 
an error. Further, they can store millions of 
items of information for future use. 

Digital computers also have limitations in 
that a continuous variable cannot be processed. 
Simple and explicit instructions (programing) 
must be provided for each operation that is to 
be performed. Instructions as to where infor¬ 
mation is stored, how to use it, what to do with 
it, and what step is required next are some¬ 
times more complicated than the problems the 
computer is used to solve. Approximations and 
rounding off are also problems encountered 
with computers. 

A digital computer performs its calculations 
by counting and comparing. With this simple 
capability, it can add, subtract, multiply, di¬ 
vide, and make logical decisions. Therefore, 
to perform computations with a digital com¬ 
puter, all that is needed is the provision of a 
method which will enable the machine to count, 
compare, and transfer a digit from one place 
to another. Therefore, before a discussion of 
computer devices, it is necessary to learn the 
language of the computers. 

NUMBERING SYSTEMS 

While there are many different numbering 
systems, this discussion will deal with only 
two; that is, the base ten (decimal) and base 
two (binary) systems. The binary system will 
be compared with the decimal system because 
most computers utilize the binary system and 
most readers understand the decimal system. 
The bistable nature of simple electronic com¬ 
ponents such as switches (open or closed) and 
tubes and transistors (conducting or cutoff) 
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makes the binary numbering system quite 
usable. 

In the decimal system there are ten digits 
used (0 through 9), and in the binary system 
there are two digits used (0 and 1). The sym¬ 
bols or digits used are repeated as many times 
as desired or needed. Both systems also use 
the place value of positional notation concept. 
This means that a numeral has a specific value 
by virtue of its position. 

An example of place value is shown in the 
two numbers 230 and 203. The 3 has a different 
value in each numeral by virtue of its position. 

POSITIONAL NOTATION 

In the previous example the numeral 230 
when stated by the reader to be two hundred 
thirty, some assumptions are made which must 
be understood in order to compare the decimal 
and binary systems. 

The first assumption the reader made was 
that when the number 230 was first looked up¬ 
on, the number was assumed to be a decimal 
number. When no base symbol is given, the 
decimal system is assumed. If the number had 
been a base four number, it would have been 
written as 230^ with the 4 indicating the base 

of the numbering system. Some examples and 
their numbering base symbols are as follows: 


Number 

Base 

398 

ten (decimal) 

342 (5) 

five (quinary) 

101 (2) 

two (binary) 


Therefore, when a number is written in 
base ten, no base indicator is given. If the 
number is written in a base other than ten, the 
base indicator is used. 

Another assumption made is that the number 
230 is two hundred thirty; that is, the digit 2 
indicates hundreds, the digit 3 indicates tens, 
and the digit 0 indicates units. In base ten, this 
is true. The digits have specific values accord¬ 
ing to their position. Place value or positional 
notation for the number 378924 in the decimal 
system is as follows: 


Place value 

10 5 

10 4 

10 3 

10 2 

10 1 

o 

o 

tH 

100000 

10000 

1000 

100 

10 

1 

number 

3 

7 

8 

9 

2 

4 


Notice that the place value column on the 

right is 10^ or 1. The increasing place values, 
moving to the left, are indicated by the base 
(10) raised to one greater power. The second 

place value column is, then, 10*, the third is 

10 2 , etc. 

The number 378924, then, is 3(100000) + 
7(10000) + 8(1000) + 9(100) + 2(10) + 4(1). 

The place value columns for the binary 
(base two) system follow the same pattern as 
the base ten system except the base two is used. 

For example, the number 10110^ is indi¬ 
cated in the place value chart for base two as 
follows: 


Place value 

_ 2 !_ 
16 

_2 3 _ 

8 

- !*_ 

4 

_ 2 _ 1 _ 

2 

2° 

1 

Number 

1 

0 

1 

1 

0 


The number 10110^, then, is 1(16) + 0(8) 

+ 1(4) + 1(2) + 0(1) = 22 (10) 

Notice that place value in base two has a 
different value than the same place in base ten. 

COUNTING IN BASE 
TWO AND BASE TEN 

In base ten, when counting from 0, the num¬ 
bers are 0, 1, 2, 3, 4, 5, 6, 7, 8, 9. 

The next number to be counted -is ten, but 
there is no single symbol in base ten to indi¬ 
cate the next number. Therefore, a combina¬ 
tion of symbols is used by repeating the 0 and 
indicating a 1 in the tens column. This means 
one group of tens and no groups of units. 

When counting in base two, there are only 
two digits or symbols; that is, 1 and 0. The 
same mechanical process is used in base two 
that was used in base ten. Starting with 0, in 
base two, the count is 0, 1. 

There are no other symbols to indicate the 
next number so a 1 is written in the next place 
value column to the left and a 0 is written in 
the firstplace value column; that is, 0, 1, 10^). 

This last number, then, indicates one group 
of two and no groups of units. The next number 
is H(2) which means one group of twos and one 

group of units. A number such as 1101^ 

would indicate one group of eights, one group 
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of fours, no group of twos, and one group of decimal 5 and then the same objects were 

units, and in this case is the same as decimal counted again in binary, the same object would 

number 13. ' be indicated with one-zero-one (101,„v). 

Counting comparisons between the decimal 

and binary systems are made as follows: _ . _ . ... , , 

Example: Convert 11101^ to base ten. 

Decimal Binary Solution: Write 11101 ^ in expanded nota- 

q q tion as 

i i 1(16) + 1(8) + 1(4) + 0(2) + 1(1) 


2 

10 

3 

11 

4 

100 

5 

101 

6 

110 

7 

111 

8 

1000 

9 

1001 

10 

1010 

11 

1011 

12 

1100 

13 

1101 

14 

1110 

15 

1111 

16 

10000 

17 

10001 


Notice that when counting objects, the deci¬ 
mal 17 and binary 10001 refer to the same ob¬ 
ject; therefore, decimal 17 must be equivalent 
to binary 10001. 


CONVERSIONS 

If the binary number 101 is to be converted 
to a decimal number, the binary number is 
written in expanded notation; that is 

101 (2) = 1(4) + 0(2) + 1(1) 

and the indicated multiplication, by terms, is 
carried out and yields 

4+ 0 + 1= 5 

The 5 is a base ten number; that is, if objects 
were counted in a row and stopped with the 


and carry out the multiplication to obtain 
16 + 8 + 4 + 0+ 1 = 29 

Problems: Convert the following binary 
numbers to base ten. 

1. Ill 

2. 1001 

3. 11111 

4. 1000001 

Answers: 

1. 7 

2. 9 

3. 31 

4. 65 

To convert the decimal number 26 to binary, 
first intuitively determine the largest place 
value column contained in the number; that is, 
in the place value chart 


2 5 

2 4 

2 3 

2 2 

2 1 

2° 

32 

16 

8 

4 

2 

1 


4 

there is one group of 16 or 2 in 26. Also, 
there must be five digits in the representation 
of 26 in binary because the place value column 
4 

for 2 is the fifth place value column from the 
right. This is indicated by drawing lines for 
each digit as follows: 



There is one group of 16 in 26;therefore, 
write 


to 

2 3 

2 2 

to 

2° 

1 

- 


- 

- 
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Sixteen is indicated, leaving 26 - 16 to be 
accounted for, or ten. There is one group of 
3 

2 in ten so write 


2 4 

2 3 

2 2 

2 1 

2° 

1 

1 










After accounting for one group of 16 and 
one group of 8, 2 is left. There are no groups 
2 

of 2 in 2 so write 


2 4 

2 3 

2 2 

2 1 

2° 

1 

1 

0 









and then find there is one group of 2* in 2 and 
write 


2 4 

2 3 

2 2 

2 1 

2 ° 

1 

1 

0 

1 








leaving 0. Finally there is no group of 2^ in 0 
so write 


2 4 

2 3 

2 2 

2 1 

to 

o 

1 

1 

0 

1 

0 







2 

16 



3 

remainder is 0 

2 

11 



1 

remainder is 1 

2 

II 



0 

remainder is 1 


The remainders are read from the bottom to 
the top to obtain the binary equivalent of the 
decimal number; that is, 

26 = H010 (2) 

The division process may be combined as 
follows: 

Convert 38 to binary- 
2 (38 

2/19 0 

2 /_£ 1 

2 [± 1 

2^ 0 

2 jl_ 0 

0 1 

and the binary equivalent of 38 is 100110^. 

Problems: Convert the following decimal 
numbers to binary. 

1. 29 

2. 624 


Therefore, 26 in decimal is equal to 11010 in 
binary. 

This type conversion is quite complicated 
in dealing with large numbers. There is a 
technique which enables us to convert from 
decimal to binary quite simply by continual 
division of the decimal number by the base of 
the binary system, indicating the remainder 
after each division operation until the quotient 
is zero. This is shown in the following: 

Convert 26 decimal to binary- 


2 

[26 



13 

remainder is 0 

2 

[13 



6 

remainder is 1 


Answers 

1. 11101 
2. 1001110000 

BINARY ARITHMETIC 

Familiarity with the basic arithmetic oper¬ 
ations in the binary system is needed in order 
t<D enhance the understanding of computers; 
therefore, a comparison between the decimal 
and binary systems will be discussed. 

Addition 

When counting in the decimal system, a 
limit is reached where the next number cannot 
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be indicated in a single column; that is, 

0 

1 

2 

3 

4 

5 That is, 

6 

7 

8 
9 


At this point a ’’carry" is made; that is, the 

first digit (0) is repeated and a 1 is indicated 

in the tens column. This means one group of means 

tens and no groups of units, and is indicated 

by 10. 

The ADDITION facts of the DECIMAL sys¬ 
tem are shown in the truth table below: and 


+ 

0 

1 

0 

0 

1 

1 

1 

10 


+ 

0 

1 


0- 

i 

->0 






0 + 0 = 0 


+ 

0 

1 

2 

3 

+ 


1 

=t= 






0 


i 

►1 

0 

0 

1 

2 

3 

... 



1 

1 

2 

3 

4 









means 



2 

2 

3 

4 

5 

0 + 1 = 

1 


. 

. 

. 

. 

or 



3 

• 

• 

• 

• 

1 +0 = 

1 


For example: 


and 


+ 

0 

1 

2 

3 

0 






1 






2 

- 


—» 

5 

3 






means 


or 


means 

2+3 = 5 

Binary addition is similar to decimal addi¬ 
tion, except in binary only two digits, 0 and 1, 
are available. The mechanical procedure is 
the same. 

The ADDITION facts of the BINARY system 
are as follows: 



1 + 0 = 1 


0 + 1 = 1 


+ 


1 




1 


10 
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means 

1 + 1 = 10 

This means that 

0 + 0=0 
0 + 1 = 1 
1+0 = 1 
1 + 1 = 10 

When adding numbers in base ten, the fol¬ 
lowing mechanical procedure is followed: 

Add 172 and 32 

172 
+ 32 

104 partial sum 

+100 carry overs 

204 final sum 

When adding two binary numbers, the proc¬ 
ess is 

0101 
+ 0111 

0010 partial sum 

+1010 carry overs 

1000 partial sum 

+ 0100 carry overs 

1100 final sum 

The previous addition may be stated as 
follows: 

Starting from the right column, one plus 
one equals 0 and 1 carry. The carry plus zero 
plus one equals zero and one carry. The 
carry plus one plus one equals one and one 
carry. The carry plus zero plus zero equals 
one. 

Problems: Add the following binary 
numbers. 

1. 1001 and 101 

2. 1101 and 1111 

Answers: 

1. 1110 
2. 11100 


Computer Addition 

The computer technique of addition utilizes 
the process of half add, carry, and final sum. 
Half add means to add two digits and neglect 
the carry. The carry is written below the half 
add sum and then added to this half add sum. 
An example in decimal is as follows: 

Add 3562 and 2149 

3562 
+ 2149 

5601 half add 
+ 0110 carry overs 

5711 final sum 

If other carry overs are required, they are 
handled as follows: 

Add 4965 and 5247 

4965 
+ 5247 

9102 half add 
+ 1110 carry overs 

0212 half add 
+ 10000 carry overs 

10212 final sum 

Problem: Add the following, indicating half 
adds and final sums. 

1. 9328 and 6973 

2. 9323 and 739 

Answers: 

1. 5291 half add 
16201 half add 
16301 final sum 

2. 9052 half add 
0062 half add 

10062 final sum 

The computer technique is used in binary as 
it is used in decimal. 

Example: Add the binary numbers 11101 
and 1101. 
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Solution: 11101 
+ 1101 

10000 half add 
+ 11010 carry overs 

01010 half add 
+ 100000 carry overs 

101010 final sum 

Example: Add the binary numbers 1101 and 

110 . 

Solution: 1101 
+ 110 

1011 half add 
+ 1000 carry over 

0011 half add 
+ 10000 carry over 

10011 final sum 

Problems: Add the following binary numbers 
indicating half adds and final sums. 

1. 110 and 10 

2. 11011 and 111 

Answers: 

1. 100 half add 
000 half add 

1000 final 

2. 11100 half add 
11010 half add 
10010 half add 
00010 half add 

100010 final sum 

Subtraction 

Both the direct and complement method of 
subtraction will be discussed. The methods 
will also be compared in the decimal and binary 
systems. 

DIRECT SUBTRACTION. -In the d e c i m a 1 
system, when subtractions are made, the terms 
to be subtracted are named as follows: 

7 minuend 
- 2 subtrahend 

5 difference 


In cages Where the subtrahend, in a partic¬ 
ular column, is greater than the minuend, a 
borrow must be made; that is, a digit must be 
moved from a higher place value column to a 
lower place value column. An example is 

76 

- 39 

where 9 is to be subtracted from 6. 

In this case one group of tens must be 
borrowed from the 7 group of tens. This is 
shown by 

76 

- 39 

is 

10 

6 6 

- 3_9 

and 9 from 16 is 7. Therefore, 

6 16 

- 3 » 

37 


This concept may be applied to as many 
columns as necessary. For example, in the 
problem 

9326 
- 7438 

one group of tens is borrowed from the two 
groups to give 

10 

931 6 

- 743 8 

8 

then one group of hundreds is borrowed from 
the three groups to give 

10 10 
92 1 6 
- 74 3 8 

8 8 
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The next step is 

10 10 10 
8 2 16 

- 7 4 3 8 

8 8 8 

and finally 

10 10 10 
8 2 16 

- 7 4 3 8 


18 8 8 

The subtraction problem difference may be 
verified by adding the difference to the subtra¬ 
hend to give the minuend. This shown by 

1888 
+ 7438 


9326 

Binary subtraction problems are solved in 
the same manner as decimal subtraction prob¬ 
lems except base two is used. One fact may 
cause problems; that is, when 1 is subtracted 
from 0, the difference is 1 if a borrow of 1 is 
made. An example of this is shown by the 
following: 

10 
-_ L 

A borrow of 1 is made, to give 

10 
0 0 
1 


10 (which must be read as "one-zero", and not 
as "ten") in base two is really 2 in decimal, and 
1 from 2 is 1. Therefore, 

10 
0 0 
- 1 


1 

When no 1 is available in the next higher 
place value column, a higher place value col¬ 
umn must be used. This is shown in the fol¬ 
lowing example of binary subtraction: 

100 
-_1 


2 

A borrow from the 2 column is made, giving 
10 in the 2 * column. 

10 

0 0 0 
=_ 1 

Then, a borrow of 1 is made from the 10 in the 
2* column, leaving 1 in this column and giving 
a 10 in the 2® column, and 10 minus 1 is 1, 

10 

0 1 0 
1 


Therefore, 

10 

0 10 minuend 
1 subtrahend 


0 11 difference 

Verification of this difference is made by add¬ 
ing the subtrahend to the difference to yield the 
minuend. 

Oil 
+ 1 


100 

Problems: Find the difference in the fol¬ 
lowing binary subtraction problems. 

1. 101 
- 10 

2. 10101 

- Ill 

Answers: 

1 . 11 

2 . 1110 

SUBTRACTION BY COMPLEMENTS (BASE 
TEN). -Digital computers are generally usable 
to perform subtraction in the manner previously 
discussed because the process of borrowing in¬ 
volves operations which are impractical to in¬ 
corporate into a machine. The process which 
involves complements is used in digital 
computers. By complement, it is meant the 
number or quantity required to fill or complete 
something. The complement of a number is, 
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therefore, another number which completes the 
original number with respect to a known refer¬ 
ence. 

For example, the nines complement of a 
number is that number when added to the orig¬ 
inal number that will yield all nines in the 
place value columns used. An example of this is as 
follows: 

What is the nines complement of 32? 

What number, when added to 32, will pro¬ 
duce 99? 

Intuitively, it can be seen that the number is 
99 - 32 
or 

67 

If one is now added to the nines complement, 
the tens complement results; that is, 

67 + 1 = 68 

and 68 is the tens complement of 32. Notice 
that if 68 is added to 32, the sum is 100. There¬ 
fore, the tens complement of a number is de¬ 
fined as that number which, when added to the 
original number, yields a 1 in the next higher 
place value column and zeros in all other col¬ 
umns. The tens complement of 78 is 

100 - 78 = 22 


Notice that the tens complement is in reference 
to a power of ten one place value higher than 
the highest place value of the original number. 


Number 

Tens complement 

Reference 

7 

3 

10 1 

21 

79 

10 2 

309 

691 

10 3 


Rather than subtract the subtrahend from 
the minuend, the tens complement of the sub¬ 
trahend (found with reference to the power of 
ten one place value higher than either the sub¬ 
trahend or minuend) may be added to the min¬ 
uend and then decrease this sum by the ref¬ 
erence power of ten used to obtain the differ¬ 
ence. A step-by-step process is shown to 
explain the preceding statement. 

Example: Subtract 26 from 49 

Solution: Write 

49 
- 26 


then find the tens complement of 26 which is 
100 - 26 = 74 

This may be rearranged as follows: 

100 - 74 = 26 

Now, instead of writing 

49 - 26 

write 

49 - (100 - 74) 

= 49 - 100 + 74 
= 49 + 74 - 100 
= 23 

This indicates that the minuend (49) plus the tens 
complement of 26 (that is, 74) are added, then 
the reference power of ten used (100) is sub¬ 
tracted to give the difference which is 23. No¬ 
tice that 

49 - 26 

= 49 + 74 - 100 
= 123 - 100 
= 23 

the digit (1) found in the place value column 
higher than the highest place value column of the 
subtrahend had only to be dropped. Generally, 
this digit (1) which is developed indicates the 
difference (23) is a positive value. 

Example: Subtract 36 from 429 

Solution: Write 

429 minuend 
- 36 subtrahend 

then 

429 minuend 

+ 964 tens complement of subtrahend 

1: 393 

= +; 393 remainder 

The process of subtracting a larger number 
from a smaller number, using the tens comple¬ 
ment, is slightly different from the example 
previously shown. Instead of developing a 1 in 
the higher place value column, a zero will be 
present. The complement of the apparent re¬ 
mainder will indicate the actual negative 
remainder. 
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Example: Subtract 362 from 127 

Solution: Write 

127 minuend 
- 362 subtrahend 

then 

127 minuend 

+ 638 tens complement of subtrahend 

i 

i 

0 1765 apparent remainder 

i 

= -J 235 tens complement of apparent remainder 
which is 

- 235 actual negative remainder 

SUBTRACTION BY COMPLEMENTS (BASE 
TWO). -Digital computers use the complemen¬ 
tary addition technique for subtraction, which 
has been discussed in decimal notation; and 
they also use the base two system. The proc¬ 
ess for base two is similar to base ten. 

The ones complement of a binary number is 
that number with all 1 digits changed to 0's and 
all the 0 digits changed to l’s. This process is 
termed inversion. Therefore, the ones com¬ 
plement of 10110 is 01001. The twos comple¬ 
ment of a binary number is its ones complement 
plus 1; that is, 

Number Ones complement Twos complement 

01 10 11 

111 000 001 

1110 0001 0010 

Notice that the number 01 plus its twos com¬ 
plement 11 equals 100 which is a 1 in the next 
higher place value column followed by zeros. 

The twos complement may also be deter¬ 
mined by inverting every digit after the first 
one (1); that is, starting with the smallest place 
value and moving toward the largest place value 
(right to left). This method is normally less 
time consuming than determining the ones com¬ 
plement and then adding one to form the twos 
complement. For example: the twos comple¬ 
ment of 


This indicates that the same procedure used 
for decimal numbers may be used for binary 
numbers to perform subtraction by the addition 
of the complement. 

Problems: Find the ones and twos comple¬ 
ments of the following binary numbers. 

1. 101 
2. 101101 

Answers: 

Ones complement Twos complement 

1. 010 011 
2. 010010 010011 

Example: Subtract the binary number 01101 
from the binary number 11001. 

Solution: Write 

11001 minuend 
- 01101 subtrahend 

then 

11001 minuend 

+ 10011 twos complement of the subtrahend 

—i- 

l; 01100 difference 

= +j 01100 positive difference 

Notice that the same number of place value col¬ 
umns must be used in both the subtrahend and 
minuend. 

Example: In binary, subtract 1110from 1111. 

Solution: Write 

1111 minuend 
- 1110 subtrahend 

then 

1111 minuend 

+ 0010 twos complement of the subtrahend 

—I- 

1; 0001 difference 
_= +j 0001 positive difference 


001101011 ; 10 The first one (from As in the decimal system, if a one is developed, 

; it indicates plus. If a zero is present, it indi¬ 
invert all | right to left) does cates a negative apparent answer and the com- 

is « j plement of the apparent answer is used, pre- 

110010100 ; 10 not invert. ceded by a minus sign. 
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Example: In binary, subtract 1011 from 1001. then 

Solution: Write 32 (20 + 5) 


1001 minuend 
- 1011 subtrahend 

then 

1001 minuend 

+ 0101 twos complement of the subtrahend 

“i- 

0 1 1110 apparent difference 

i 

-1 

- • 0010 twos complement of the apparent dif- 
! ference 


Using the distributive principle 

32 (20 + 5) 

= 32 (20) + 32 (5) 
= 640 + 160 
= 800 

The same problem written as 

32 
x 25 

gives 


-! 0010 negative difference 

_ _ j 


32 x 5 

= 160 partial product 


Problem: Subtract in binary, using com- and 
plementary addition. 

1. 1101 from 1110 

2. Ill from 10 


32 x 20 

= 640 partial product 


Answers: 

1. +0001 
2. - 101 

A verification of the preceding problems may be 
made by changing the binary numbers to deci¬ 
mal, carrying out the subtraction, then changing 
the difference back to binary. 

This is as follows: 



binary 

decimal 


1. 1101 

13 


1110 

14 

and 


14 - 13 = 

II 

t-» 

"co 


binary 

decimal 


2. Ill 

7 


10 

2 

and 


2 - 7 = - 

5 = 101„ 

V 

Multiplication 



The direct method of multiplication of deci¬ 
mal numbers is shown in the following example. 

Example: Multiply 32 x 25 

Solution: Write 

25 = 20 + 5 


160 + 640 
= 800 product 

The technique generally used is 

32 
x 25 

160 

64 


800 

Notice that the 64 really represents 640, but the 
zero is omitted. 

Direct binary multiplication uses the same 
technique as direct decimal multiplication. 

Example: Multiply the following binary 
numbers. 

110 and 1101 
Solution: Write 

1101 
x 110 


0000 

1101 

1101 

1001110 

This may be verified by changing the factors 
to decimal, multiplying and obtaining the deci¬ 
mal product, then changing the decimal product 
back to binary. 
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Problems: Multiply the following pairs of 
binary numbers. 

1. 11 and 101 

2. 11011 and 1011 

Answers: 

1 . 1111 

2. 100101001 

Repetitive Addition 

The idea that multiplication is repetitive 
addition is of beneficial use when working with 
computers. When multiplication is to be accom¬ 
plished with a computer, the process of re¬ 
peated addition is used. 

If two numbers are to be multiplied together, 
write the following: 


231 x 40 
= 231 x 4 x 10 
= 231 x 10 x 4 
= 2310 x 4 

= 2310 
2310 
2310 
+ 2310 

9240 + 1155 = 10395 

When the repetitive addition type of multi¬ 
plication is used in a computer, it would appear 
as follows. Two registers are used; that is, the 
accumulator and the multiplier. The accumu¬ 
lator maintains a constant subtotal and the mul¬ 
tiplier keeps account of the addition to be 
performed. 


Multiply 
Write 
then 

(231 x 40) + (231 x 5) 

Multiplying each term gives the following: 


231 by 45 
231 (40 + 5) 


231 231 

x 40 and x 5 
9240 1155 


Notice that 231 could have been added forty 
(40) times to satisfy one half of the above prob¬ 
lem and 231 could have been added five (5) 
times to satisfy the other half. 


231 


231 

231 

231 

231 

231 

231 


40 times 

it 

231 

it 

+ 231 


5 times 


The problem is to multiply 231 by 45. 


Accumulator Multiplier 


000000 45 

+ 000231 


000231 44 

+ 000231 

000462 43 

+ 000231 


These operations 
represent the 
five ones 


000693 42 

+ 000231 


000924 41 

+ 000231 


001155 40 

+ 002310 


003465 30 

+ 002310 

005775 20 

+ 002310 


These operations 
represent the 
four tens 


it 


+ 231 
9240 


1155 


008085 10 

+ 002310 

0010395 00 


Rather than write 231 forty times, 2310 could 
have been written four times; that is, 


Notice that the multiplier indicated the num¬ 
ber of times the number 231 was added and the 
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accumulator maintained the subtotal. When the 
multiplier indicated 40, the 231 was changed to 
2310 and the multiplier then would indicate ad¬ 
dition of the 2310 four times. The overall 
effect was to move the zero in the 40 to the 231. 

The binary sy stem follows the previous 
techniques as shown in the following example. 
Multiply 1011 by 1101. 

Accumulator 

Multiplier 

00000000 
+ 00001011 

1101 

00001011 
+ 00101100 

1100 

00110111 
+ 01011000 

1000 

10001111 

0000 


Division 

The direct method of division of decimal 
numbers is shown in the following example: 
Example: Divide 30 (dividend) by 5 (divisor). 
Solution: Write 

5 /30 

Five is not contained in 3 but is contained in 
30. How many 5’s are contained in 30? The 
answer is 6, so write 6 above the zero 

6 (quotient) 

5/30” 

Multiply the 6 and 5 together and find the prod¬ 
uct which is 30. Write 30 under the 30 and 
subtract. 

6 

5/30 - 

30 

0 

There are no 5’s in zero; therefore, the answer 
is 6. 

Direct binary division follows the same 
procedure. 

Example: Divide 1110 by 111. 

Solution: Write _ 

111/1110 


There is one 111 in 111 so write 1 above the 
right hand one in 111 as follows: 

1 

lll/lllO 

Multiply 111 by 1 and write the product under 
the 111, and subtract, and bring down the last 
zero. 

1 

lll/lllO 

111 

0000 

There are no Ill’s in 0000; therefore, write 
zero after the 1 in the answer and find 10 is the 
answer. 

_ 10 ^ 

lll/lllO 

111 


0 

0 

Example: Divide 10010 by 110, all in binary. 
Solution: Write 

1 

llo/lOOlO 

Multiply quotient and divisor and subtract from 
dividend 

1 

llo/lOOlO 

110 

11 


Bring down last zero. 

1 

110 /10010 
110 


110 
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Find 110 goes into 110 one time and write 
11 

110/10010 

110 


110 

Multiply quotient and last dividend digit and find 
11 


110/10010 

110 


110 

110 


000 

ajMl the answer is 11. 

Problems: Divide the following binary 
numbers. 

1. 10010 by 110 
S. 10000111 by 101 

Answers: 

1 . 11 
I. 11011 

Repetitive Subtraction 

fci multiplication, repeated addition is used; 
in division, repeated subtraction is used. 

If one number (the dividend) is to be divided 
by another number (the divisor), write the 
following: 

Divide. 126 by 6 
Write 

126 

-6 


120 

-6 


114 

-6 


108 

-6 


»» 

»» 


Subtracting 6 from 126 twenty-one times 
registers a zero remainder. 

A computer does the same thing except it 
utilizes powers of ten. 

Use is still made of the accumulator and 
register as in repetitive addition but the tech¬ 
nique is operated in reverse order. 

Example: Divide 40320 by 126. 


Accumulator Quotient 
register 


40320 

(a) P u 11 h e dividend 
in the accu mu- 
lator. 

0000 (b) Set the register 

to zero. 

- 12600 

(c) Put the divisor in 
the largest power 
of ten that is equal 
to or less than the 
value of the divi¬ 
dend that is in the 
accumulator. 

+ 0100 (d) Put the p o w e r of 

ten into the reg¬ 
ister. 

27720 

(e) Subtract. 

+ 0100 (f) Add the sums in 

the quotient reg¬ 
ister. 

- 12600 

+ 0100 fe) Repeat steps (c), 

15120 

0200 (d), (e), and (f) 

- 12600 

+ 0100 as shown. 

2520 

0300 

- 1260 

+ 0010 

1260 

0310 

- 1260 

+ 0010 

0000 

0320 Answer 

Example: 

Divide 126 by 6. 

Accumulator Quotient register 

126 

000 

- 60 

+ 010 

066 

010 

- 60 

+ 010 

006 

020 

- 6 

+ 001 

000 

021 Answer 
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The same procedure applies to binary divi¬ 
sion except the highest power of 2 (in binary) is 
used. 


Example: Divide 100111 by 11. 
Accumulator Quotient register 


100111 
- 11000 

1111 
- 1100 


11 

11 


0 


00000 
+ 01000 

01000 
+ 00100 


01100 
+ 00001 


01101 


3 

Add 2 to quotient 
register. 

2 

Add 2 to quotient 
register. 

Add 2® to quotient 
register. 

Answer 


CODING 

As stated previously, electronic circuit ele¬ 
ments of computers are inherently binary; that 
is, they will have two stable states. There¬ 
fore, the base ten numbering system cannot be 
used efficiently in computers. While people 
communicate and calculate using letters of the 
alphabet and numbers of the decimal system, 
digital computers communicate and calculate 
using groups of binary symbols called codes. 

Coding is the means by which data in one 
form is represented in another form which is 
acceptable to the computer. A form of coding 
is used in the Morse code in which letters are 
represented by dots and dashes. This makes 
the alphabet acceptable to transmission by 
radio. 

Of the many coding systems, three of the 
most common ones are discussed. It should be 
understood that memorization of these codes is 
not necessary, but the understanding of the rea¬ 
sons for the codes is desirable. 


BINARY CODED DECIMAL (B. C.D.) 

This code makes use of groups of binary 
bits (binary symbols) to represent a decimal 
digit. In the decimal system there are only ten 
digits; therefore, only ten groups of binary bits 
must be remembered, EACH DECIMAL DIGIT 
IS REPRESENTED BY A GROUP OF FOUR 
BINARY BITS. The ten groups to remember 
are as follows: 


Decimal 

digit 

Binary - coded 
decimal digit 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

2 

0 

0 

1 

0 

3 

0 

0 

1 

1 

4 

0 

1 

0 

0 

5 

0 

1 

0 

1 

6 

0 

1 

1 

0 

7 

0 

1 

1 

1 

8 

1 

0 

0 

0 

9 

1 

0 

0 

1 


To write ten in B. C. D., the use of two groups 
is required; that is, 

Decimal ,1 0 X 

B.C.D. 0001 0000 

Any two-digit decimal number requires two 
groups of B. C. D. etc. 

Decimal 3 8, 

b.c.d. oin ooii 1000 

The separation of the B.C.D. groups is 
shown for ease of reading and does not neces¬ 
sarily need to be written as shown; 738 could 
be written as 011100111000. One advantage of 
the B.C.D. over true binary is ease of deter¬ 
mining the decimal value. This is shown as 
follows: 


B.C.D. 
= decimal 


0111 

7 


0011 

3 


1000 

8 


738 in true binary is 1011100010 
and, true binary 1011100010 

= decimal 1(2 9 ) + 0(2®) + 1(2 7 ) + 1(2 6 ) 

+ 1(2 5 ) + 0(2 4 ) + 0(2 3 ) + 0(2 2 ) 

+ 1(2 X ) + 0(2°) 

= 512 + 128 + 64 + 32 + 2 = 738 


The ease of converting from decimal to 
B.C.D. and from B.C.D. back to decimal 
should be apparent in the following. 
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Problems: Convert the following decimal 
numbers to B. C. D. 

1. 7 

2. 4200 

Answers: 

1 . 0111 

2. 0100001000000000 

Problems: Convert the following B. C. D. 's 
to decimals. 

1. 010000110001 
2. 0101000001111000 

Answers: 

1. 431 

2. 5078 

The comparative ease of conversion in 
B.C. D. is related to the difficulty of conver¬ 
sion in true binary by the following. 

Problems: Convert 

1. 438 to binary 

2. 100101101 to decimal 

Answers: 

1 . 110110110 
2. 301 

One serious disadvantage of the B. C. D. is 
that this code cannot provide a decimal carry. 
The following examples are given to show this. 

Example: Add the following: 

Decimal B. C. D. 

5 = 0101 

+ 3 = 0011 

8 = 1000 


The correct B.C.D. answer for 13 should be 
0001 0011. Therefore, when a carry is made 
in decimal, the B. C. D. cannot indicate the cor¬ 
rect answer in B. C. D. form. 

Excess Three Code 


The excess 
the inability of 
modification of 
be made. 

To change a 
add three to the 

three code is used to eliminate 
the binary carry. It is really a 
the B.C.D. so that a carry can 

B.C.D. number to excess three, 
B. C. D.; that is, 


B. C.D. 

1000 
+ 0011 

Excess three 

1011 

In excess three code 1011 is 8 in decimal. The 
following chart shows the decimal, B.C.D., 
and the excess three code. 

Decimal 

B.C.D. 

Excess three 

0 

0000 

0011 

1 

0001 

0100 

2 

0010 

0101 

3 

0011 

0110 

4 

0100 

0111 

5 

0101 

1000 

6 

0110 

1001 

7 

0111 

1010 

8 

1000 

1011 

9 

1001 

1100 


As previously stated, the excess three code 
will provide the capability to carry in binary. 
The following is given for explanation. 


Notice that there was no carry in the deci¬ 
mal addition and the answer in B. C. D. is equal 
to the answer in decimal. The B.C.D. is in 
correct notation and does exist. 

Example: Add the following: 

Decimal B.C.D. 


Example: Add 6/ 1fA and 3. 


m excess 


three. 


Solution: Write 


Decimal 


Excess three with 
three groups possible 

0011 0011 1001 
0011 0011 0110 


Notice that the B.C.D. answer is correct in 
true binary, but 1101^does not exist in B.C.D. 


Notice that in group one the six and three 
are indicated. In groups two and three a zero 
(0011) in excess three is indicated. 
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Add as follows 


0011 

0011 

1001 

(Excess three) 

0011 

0011 

0110 

(Excess three) 

0110 

0110 

1111 

(Excess six) 

But our 

answer 

is in 

excess six. There 


fore, three must be subtracted from each group 
in order to return our answer to excess three. 

0110 0110 1111 

- 0011 - 0011 - 0011 

0011 00,11 1100 (Excess three) 

' I / 

D 0 9 ' Answer in decimal 

When a carry is developed in any group, the 
following procedure is used. 

Example: Add 9( 10 ) and 3 ^qj in excess 
three. 

Solution: Write 

Decimal Excess three 

9 0011 001l\ 1100 (Excess 3) 

+ 3 0011 0011 \ QUO (Excess 3) 

12 0110 0111 ^0010 (Excess 6) 

NOTE: Since group one created a carry, 
as shown, three must be added instead of sub¬ 
tracted in order to place group one into excess 
three. The other groups follow the previous 
example. 

0110 0111 0010 (Excess six) 

- 0011 - 0011 4-0011 

0011 0100 0101 (Excess three) 

t) i 2 '' 

The above procedure will hold for any number 
of group indicators the computer possesses. 

Problems: Add the following numbers using 
excess three and give the answers in excess 
three with three indicator groups. 

1. 5 and 3 

2. 4 and 3 

3. 58 and 77 

Answers: 

1. 0011 0011 1011 

2. 0011 0011 1010 

3. 0100 0110 1000 

A further advantage of excess three code is 
the ease with which the nines complement of a 


number indicated in excess three may be found; 
that is, the nines complement of 7, indicated in 
excess three as 1010, is found by inverting 
each digit in 1010 to read 0101. This 0101, in 
excess three, is 2 which is the nines comple¬ 
ment of 7. 


The following table shows the 
plement of the decimal digits. 

nine com- 

Deci¬ 

Excess three 

Excess three 

Nines com¬ 

mal 


inverted 

plement 

0 

0011 

1100 

9 

1 

0100 

1011 

8 

2 

0101 

1010 

7 

3 

0110 

1001 

6 

4 

0111 

1000 

5 

5 

1000 

0111 

4 

6 

1001 

0110 

3 

7 

1010 

0101 

2 

8 

1011 

0100 

1 

9 

1100 

0011 

0 


GRAY CODE 

This code is a modification of the binary 
counting system. In the Gray code sequence 
counting, only one bit will change as each count 
proceeds. When counting in binary from 7( 1Q ) 

(0111^2)) to 8(^(1000(2)), notice * our kits 
had to be changed. 

The Gray code is shown for comparison 


Decimal Pure Gray 

number binary code 

0 0000 0000 

1 0001 0001 

2 0010 0011 

3 0011 0010 

4 0100 0110 

5 0101 0111 

6 0110 0101 

7 0111 0100 

8 1000 1100 

9 1001 1101 

10 1010 1111 


In the Gray code when counting from 
7(10)(0100) to 8 (iq)(1100), notice that only one 

bit changed. 

One of the primary purposes of this code is 
the reduction of operational errors by changing 
only one digit at the time during the process of 
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converting mechanical changes into numerical 
expressions. For example, to convert the shaft 
rotation (output of an analog computer) from 
seven to eight degrees would require only a 
change of one bit as previously indicated. 

To convert a binary code to its Gray code 
equivalent, the following addition WITHOUT 
CARRY is used. 

Example: Convert binary 0100 to its Gray 
code equivalent. 


then 


Binary 

Gray 

then 



Binary 

Gray 

therefore, 1110 
Gray code. 


1 1 Q 6) 
i o o"7n 

binary is equivalent to 1001 in 


Solution: Keep the most significant bit as is. 


Binary 

Gray 



1 


0 0 


Next, add horizontally the most significant 
bit to the next significant bit in the binary num¬ 
ber and carry the sum to the Gray code as 
follows: 


Binary 

Gray 



now add and continue as shown 


0 


Problems: Convert the following decimal 
numbers to the Gray code. 

NOTE: This transition must include the 
binary code. 

1. 12 

2. 35 

Answers: 

1. 1010 

2. 110010 

A method is also needed to convert Gray 
code to binary code. 

Example: Convert 1101 in Gray code to 
binary. 


then 


Binary 0 ^ 1. 0^ 0 

Gray 0 1 ^7^ _ 

Binary 0 1 (o 0) 


Solution: 


Gray 0 1 1 (o 




Therefore, 0100 binary is equivalent to 0110 
in the Gray code. 

Example: Convert to Gra y code * 

Solution: Write 

Decimal 14 = 1110 binary 


then 


Gray 

o 

o 

Retain the most significant 

Binary 


Gray code bit. 

Gray 

1©0 1 

Add diagonally without a 

Binary 

®I__ 

carry. 

Gray 

1 0 ( 0)1 

/ t 

Continue diagonal addition 

Binary 

1 

0 

rH 


Gray 

i o o(T) 

Continue. 

Binary 

1 100 

Therefore, Gray 1001 is 
equivalent to binary 1110. 


Binary 

S' 

1 0 

Problems: Convert the following gray codes 
to binary. 

Gray 

© - 

- - 

1. 10000 

2. 0001 

Binary 

0 x ) 

add without 

Answers: 


J 

1. 11111 

Gray 

1 © 

_ the carry 

2. 0001 
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OCTAL NUMBERS 

Octal numbers are base eight numbers; 
that is, there are only eight digits in base eight. 
These are 0, 1, 2, 3, 4, 5, 6, and 7. Because 
eight is a power of two, the octal system has 
special characteristics that make it especially 
useful in situations involving binary numbers. 
This is illustrated as follows: 

A decimal number can be converted to octal 
by the same method described for decimal to 
binary; that is, to change 334 to octal write 

8 /334 Remainder 

8 6 t 

8 LI i 1 

0 5 


Therefore, 

334 decimal = 516 octal or 516^ 

The same decimal number when changed to 
binary is 101001110. 

Since things equal to the same thing are 
equal to each other 



= 101001110 (2) 


Notice that the true binary number is sepa¬ 
rated into groups of three digits from the right 
as follows: 


101 001 110 


and by observation, notice that each group re¬ 
presents the following: 

101 001 ;io 

"5 1 6 ' " 


Example: Convert 40 decimal to octal, then 
to binary. 

Solution: Write 

8 /40 Remainder 


40 (10) ■ 50 (8) 

?9(8) 

. \ 

' \ 

• \ 

I \ 

/ ' 

I ' 

161 060 

The preceding conversions from binary to 

octal and from octal to binary are possible be- 

3 1 

cause 2 is the same as 8 . 

Problems: Convert the following binary 
numbers to octal. 

1 . 101101 
2. mono 

Answers: (In base eight) 

1. 55 

2. 166 

Problems: Convert the following octal 
numbers to binary. 

1. 482 

2. 761 


Therefore, 

and then 


which is 516 in octal. 

To convert from binary to octal, it is only 
necessary to divide the binary number into 
groups of three and read each group as the oc¬ 
tal representation in place value. 

To convert from octal to binary, the re¬ 
verse operation is used; that is, 



101 001 110 


Answers: (In binary) 

1. Impossible to have an 8 in base eight (is 
not an octal number). 

2. 111110001 

The octal number system affords many con¬ 
veniences. When recording a binary number 
on paper, it is usually more convenient to 
write it in octal. For example, computer pro- 
gramers and programing manuals use the octal 
system as a convenient notation for binary 
numbers. Also, when converting a large deci¬ 
mal number to binary, it is usually more 
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convenient to convert it to octal first and then 
to binary since fewer divisions are required in 
dividing a decimal number by 8 instead of 2. 

A number in any base that is smaller than 
ten can be converted to a number in base ten 
(decimal) by the following method: Multiply the 
most significant digit (MSD) by the present 
(old) base, add the next MSD to the product of 
the last multiplication and multiply the sum by 
the present (old) base, continuing until the least 
significant digit (LSD) is added. 

EXAMPLE: Convert 

to decimal 362 

11 


3 


8 


— 

24 + 6 = 30 


240 + 2 = 242 


INPUT AND OUTPUT DEVICES 


An analog device yields an output in the 
form of a varying voltage, current, resistance, 
or mechanical shaft rotation. This form of 
output is unusable as an input to a digital com¬ 
puter. Since the majority of military indicat¬ 
ing devices are of the analog type, their out¬ 
puts must be converted to be used as inputs for 
the digital computers. 

INPUT DEVICES 

An input device is considered to be any de¬ 
vice which yields an output which is usable for 
the particular computer it feeds. The devices 
which will be discussed are referred to as con¬ 
verters or encoders because they convert ana¬ 
log information into digital information. 

V-Scan Converter 

The V-scan converter continuously converts 
a changing mechanical position (analog informa¬ 
tion) into pulses (binary information) with an 
accuracy of plus or minus one bit (binary digit). 

The basic method of converting a mecha¬ 
nical position into a binary code involves an 
arrangement of brushes and contacts. The me¬ 
chanical movement positions the brushes rela¬ 
tive to the contacts. The conducting contacts 


contain a voltage level which represents a bi¬ 
nary 1 and the insulating contacts contain no 
voltage which represent a binary 0. The con¬ 
tact arrangement necessary to produce a natu¬ 
ral binary code ranging from 0 to 15 is illus¬ 
trated in figure 11-1. 



AQ. 195 

Figure 11-1. -Natural binary code contact 
arrangement. 

NOTE: For the purpose of discussion, con¬ 
sider the contact arrangement in figure 11-1 as 
being attached on the side of a tank containing a 
liquid. The brushes are controlled by the level 
of the float which varies with the level of the 
liquid in the tank. Notice that, as shown, when 
the brushes move downward, a binary indica¬ 
tion of the amount of liquid expended is indica¬ 
ted. The dark areas are conducting contacts 
and the light areas are insulating contacts. The 
four squares at the top of the contact arrange¬ 
ments represent four in-line brushes. The po¬ 
sition of the in-line brushes, as shown, indicate 
a binary 0000 or zero. The analog output moves 
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the brushes down the contacts to indicate any 
binary number from 0000 (zero) to 1111 (fifteen). 

Unfortunately, there is an ambiguity associ¬ 
ated with the use of the in-line brushes and the 
natural binary code. This problem arises at 
any point where two or more brushes are re¬ 
quired to switch at the same moment from one 
type of contact to the other; that is, from con¬ 
ducting to insulating or from insulating to 
conducting. 

Figure 11-2 shows a portion of a four-bit bi¬ 
nary coding plate and reveals the exact nature 
of the problem. Note that the brush positions 
that are indicated by x’s are reading a 6 
(0110). At this instant the brushes are obviously 
providing the correct reading. Examination of 
the next position of the brushes, indicated by 
y's, however, reveals ambiguous readings. 
For this example, the brush position is at the 
switching point from 7 (0111) to 8 (1000). The 

o 

brush in the 2 column is making contact with 
the conducting material, while brushes in the 
0 12 

2,2, and 2 columns are still making contact 
with the conducting material. The output from 
the brushes at this time is 15 (1111), which 
should not occur when moving from 7 (0111) to 
8 (1000). This produces an erroneous reading. 
Note that erroneous readings are also obtainable 
at the 9 to 10 switching point and at the 11 to 12 
switching point. 


6 

(0 110 ) 

7 

( 0111 ) 

8 

( 1000 ) 

9 

( 1001 ) 

10 

( 1010 ) 

1 1 

(101 1 ) 

12 

( 1100 ) 

13 

(1 10 1 ) 


MSD LSD 

3 2 10 

2 2 2 2 



1 


£ 

m 

w 


m 
























= 6 ( 0110 ) 
= 15 ( 1111 ) 

= 11 ( 1011 ) 

= 15 ( 1111 ) 
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Figure 11-2. -Ambiguity with the natural 
binary code. 


Obviously, the possibility of reading a 15 
when it should actually be switching from 7 to 8 


(or reading 11 when it should be switching from 
9 to 10, or of reading any of the other ambigu¬ 
ous numbers that may be produced) makes it 
impossible to read instantaneous values with any 
high degree of certainty. The major factors in 
determining the accuracy of the natural binary- 
coded converter are the positioning of the con¬ 
tacts, the positioning of the brushes, the size 
of the contacts, and the thickness of the brushes. 
The perfect converter, in order to preclude 
ambiguities, would have each contact exactly in 
its required position, all brushes in a straight 
line perpendicular to the direction of movement, 
all contacts exactly the same size, and the 
brushes infinitesimally narrow and exactly uni¬ 
form. Meeting the pre stated requirements for 
a perfect converter is a physical impossibility. 

The V-scan converter employs a method of 
conversion whereby the physical requirements 
allow almost perfect conversion. This is ac¬ 
complished by the use of a double brush (except 
for the 2° column brush) system. The particu¬ 
lar relationship between tine brushes is prede¬ 
termined. The direction of movement to be 
used when describing one set of brushes as 
leading and one set of brushes as lagging is de¬ 
termined by the design of the grid. In figure 
11-3 the direction which will determine the 
leading or lagging brushes is downward. This 
direction must be used regardless of whether 
the float is causing the brushes to move down¬ 
ward or upward. This may occur when filling 
or emptying the tank. 

When reading the brush positions from right 
to left, two rules are followed: 

1. If a bit is read as a one (electrical con¬ 
tacts touching) in a place value column, the next 
larger place value column is read on the lagging 
brush. 

2. If a bit is read as a zero (nonconducting 
contact) in a place value column, the next larger 
place value column is read on the leading brush. 

The determination of whether a leading or 
lagging brush is used at any particular time is 
a design function of this converter and will not 
be discussed. 

Since the least significant digit (LSD) column 
has but one brush, it will always be the refer¬ 
ence. As shown in each section of figure 11-3, 
there are some brushes that are touching con¬ 
ducting and nonconducting segments at the same 
time. By applying the previously stated rules, 
figure 11-3 (A) is read as follows: 
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LAGGING 


LEADING 



(D) 




Figure 11-3. -Natural binary code contact 
arrangement showing V-scan brushes. 


Column 1: This is our reference brush and 
since it is conducting a binary 1 is read. 

Column 2: Read the lagging brush position 
because column 1 brush was conducting. The 
lagging brush position indicates a zero. 

Column 3: Read the leading brush position 
because column 2 brush was not conducting; 
therefore, a zero is read for column 3. 

Column 4: Read the leading brush position 
which indicates a zero. Therefore, figure 11-3 
(A) is indicating 1001^ or 9^^ 

The following sections of figure 11-3 indi¬ 
cate: 

Figure 11-3 (B) - 0111 (2) or 7 (10) 

Figure 11-3 (C) - 1000 (2) or 8 (10) 

Figure 11-3 (D) - 1100 (2) or 12 (10) 


AQ. 197 

Figure 11-3 (E) - 1011 (2) or 11 (1Q) 

Figure 11-3 (F) - 1010^ or 10^ 

BINARY WHEEL. -The binary wheel is a ba¬ 
sic application of converting shaft rotation (ana¬ 
log) to binary (digital) information. 

The binary wheel is a plane comprised of 
concentric circles, with each ring divided into 
twice as many sectors as the adjoining inner 
ring. A close examination of figure 11-4 will 
show that it is really the previous rectangular 
set of contacts (fig. 11-2) set up in concentric 
rings. If the brushes are located in a straight 
line, as shown in figure 11-4, the same diffi¬ 
culty of erroneous indications will be present 
as the brushes move around the circles. 
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0 0 0 0 0 



Figure 11-4. -Simple five-bit shaft encoder. 


By installing dual brushes in all rings except 
the outer (least significant digit) ring, as shown 
in figure 11-5, and properly placing the brushes, 
the erroneous readings may be eliminated. The 
number indications are read as previously in¬ 
dicated for the V-scan readings. The direction 
of rotation of the disk determines which set of 
brushes will be leading or lagging-in this case, 
clockwise. 


Shaft Position Encoder 

Shaft position encoders are electromechan¬ 
ical devices used to generate a binary number 
representing the angular position of an attached 
shaft. This encoder shaft is usually connected 
to the shaft of a motor or potentiometer via a 
gear train. 

Figure 11-6 illustrates the type of shaft po¬ 
sition encoders used in the Ballistic Computer 
Set ASQ-61A, installed in the A-6A aircraft. 

The shaft position encoder used in this system 
is discussed more thoroughly later in the chap¬ 
ter under INPUT UNITS. 



Bindary Gray Coded Grid 

Figure 11-7 shows a grid (coded in the Gray 
code) with five brushes. The shaded blocks in¬ 
dicate 1 binary, and the blank blocks indicate 0 
binary. This is the same as previously used. 
Notice that as the brushes (x) move down the 
grid, only one brush will change its state (con¬ 
ducting to nonconducting or nonconducting to 
conducting) as the number is increased by one. 

The brushes are shown to be indicating two 
in Gray binary; and as they move to 3 Gray 
binary, only one brush changed state. In figure 
11-2 the movement from 7 to 8 caused an erron¬ 
eous reading. Notice that as the brushes (y) 
shown in figure 11-7 move from 7 to 8, an er¬ 
roneous reading does not occur because only 
one brush changed state. 

BINARY GRAY CODED WHEEL.-Figure 
11-8 shows the binary Gray coded wheel in which 
angular position of the brushes is represented 
by a Gray coded number. In changing from one 
number to the next, only one brush changes 
state. Notice that one set of b ru s h e s allows 


285 


Digitized by Google 











































AVIATION FIRE CONTROL TECHNICIANS 1 & C 


FIVE-BIT DISK 


EIGHT-BIT DISK 



LEAST SIGNIFICANT BIT 


32 = 1 REDUCTION 

. -.Q* 


iiit: 

® ®@ ©@ 


12 II 10 9 8 


f f « 

* • 4 



T 


7 6 5 4 3 2 I 0 


c 

NOTE: 

1. O DEN0TES LEADING BRUSH 

2. BLACK AREAS ARE CON¬ 
DUCTING SURFACES. 


AQ. 200 

Figure 11-6. -Shaft position encoder disks, placement of brushes. 


indications in sequential steps without ambigu¬ 
ous readings when moving from one number to 
the next. 

In figure 11-8, the brush reading line shows 
the reading to be 01001 in Gray code. This in¬ 
dication could represent bearing, speed, direc¬ 
tion, or any of many analog positions. 

Brush Encoder Problems 

The disadvantages of brush type encoders 
are early and frequent failures caused by ex¬ 
cessive brush and disk wear, frequent mis¬ 
counting, critical brush alinement, and low op¬ 
erating speeds. Brushes are susceptible to vi¬ 
bration and acceleration forces that can cause 
intermittent contact and shifts in brush position. 
High rotational speeds cause wear of the brushes 
and particle contamination of the code disk, 
which lead to a diminution of accuracy. Brush 
bounce at high speeds may be severe, resulting 
in extraneous pulse outputs. Although a com¬ 
promise may be reached by an increase in 
brush-contact pressure, this also increases the 
load torque, aggravates the problem of wear of 
the brush contacts, and reduces life of the code 
wheel. The results are encoders which are un¬ 
reliable, have a short useful life, require fre¬ 
quent and costly maintenance and/or replace¬ 
ment, and are limited in operating speed. 

Optical Encoders 

In optical encoders, there are no contacting 
surfaces other than bearings. Photocells are 


used to detect light from a light source through 
a code disk which has alternately opaque and 
transparent segments. Electronic amplifying, 
discriminator, and logic circuitry is required 
to obtain the desired digital output. Continuous 
low-voltage d-c tungsten lamps are usuallv used 
as the light source, which has a predicted life 
of over 10, 000 hours. The mean-time-between- 
failure (MTBF) of optical encoders is at least 
10 times greater than that of comparable brush 
encoders. 

OUTPUT DEVICES 

Input and output devices are similar in op¬ 
eration but perform opposite functions. It is 
through the use of these devices that the com¬ 
puter is able to communicate. 

Output information is also made available in 
three types: human information, such as codes 
or symbols presented on a cathode-ray screen 
which are used by the operator to answer ques¬ 
tions or make decisions; information which op¬ 
erates a control device such as a level, aileron, 
or actuator; or information which is stored in a 
machine language or human language, on tapes, 
printed media. 

Wheel Displays 

Any one of the angle to number converters 
previously described can be connected as an out¬ 
put device, either to furnish an angle signal or 
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Figure 11-7.-Binary Gray Coded grid. 


display (pointer or servo signal) or to mechani¬ 
cally position a particular symbol on a wheel 
display. The symbol to be displayed can be any 
arbitrary number, letter, word, or other sym¬ 
bol selected by the designer. 

The wheel can be positioned by a servomo¬ 
tor, by a step counting switch, by a digital to 
analog converter coupled with a motor, etc. 
The only limitation on the positioning system is 
that it must be able to drive the wheel until the 
correct symbol is displayed. 

The display may be generated by wheels 
geared together in a fixed ratio (as in an odo¬ 
meter) or with each wheel individually driven 
and positioned. A disadvantage of the second 
system is the increased space required to ac¬ 
commodate the separate drive mechanisms. 


AQ. 201 


The number of symbols to be displayed is 
limited by the size of the wheel and by the num¬ 
ber of discrete positions that can be selected. 

Practically any encoder can be used as a 
decoder (digital - to - analog converter) either 
directly or by positioning it with a null-seeking 
driver. 

Lights 

Each individual light may be considered as 
the equivalent of a binary stage: ON-true or 
one; OFF-false or zero. Lights are used to 
display such discrete data as failsafe, on-off, 
and warning. They may be used in groups and 
in conjunction with ring counters to form binary 
to decimal conversion displays. Each individual 
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Figure 11-8.-Binary Gray coded wheel. 
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Figure 11-9. -Light displays. 
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light is sequenced and illuminates the appropri¬ 
ate digit when switched on by the counters. (See 
fig. 11-9 (A).) 

MULTIFILAMENT LIGHTS. - These lights 
may display numbers, letters, symbols, or 
combinations of these. Filaments may "edge 
light" lucite cards to illuminate engraved sym¬ 
bols, or may actually be shaped in the form of 
the symbol and glow when switched on. (See 
figure 11-9 (B) and (C).) 

Lights require appreciable current-greater 
than that which is normally available directly 
from the computing circuits. Therefore, a buf¬ 
fer or amplifier stage is usually required to 
furnish the additional current. Since a single 
display illuminates multiple symbols and re¬ 
quires at least one terminal for each, it may 
require its own counter circuits to convert from 
binary code to the display code, or it may share 
a common converter with several other circuits. 
On the other hand, the individual filaments may 
be prewired to a printed circuit board, and the 
appropriate display selected and switched by 
computer circuitry. 

The value or quantity being measured may 
be represented by a positioned display of mul¬ 
tiple filament lights. The digital voltmeter is a 
fairly common example of the use of these 
lights. 

BALLISTICS COMPUTER SET 
AN/ASQ-61A 

The Ballistics Computer Set AN/ASQ-61A, 
which is installed in the A-6 type aircraft, is 
discussed briefly in this chapter. Due to the 
complexity of the system, no circuit analysis is 
covered. Computer operation, input controls, 
programed operating modes, and the functional 
divisions of the computer are discussed for a 
familiarization only with the system and its ca¬ 
pabilities. 

The ballistics computer is the center of the 
INTEGRATED ATTACK-NAVIGATION SYSTEM. 
The computer provides flight pattern data, nav¬ 
igation cruise commands, and information to 
aid in the selection, fuzing, and delivery of 
weapons. The ballistics computer solves, con¬ 
tinuously and automatically, all necessary bal¬ 
listic equations to deliver any assigned weapon. 
In the newer models of the A-6 aircraft, the 
cruise control, mapping, Doppler, and external 
control functions are deleted. The ballistics 
function has been revised and the release-ad¬ 
vance capability, and self-test clock delay and 
bit count function has been added. 


COMPUTER PROGRAMS 

The Ballistics Computer SetAN/ASQ-61A is 
a digital computer and therefore requires a set 
of operating instructions known as a program. 
This program is kept in permanent storage in 
the computer memory drum and maybe changed 
only by means of a special drum fill device. 
Changes are made periodically to reflect 
changes made to the aircraft, to incorporate 
new weapons, or to add to the versatility of the 
weapons system. These programs are identi¬ 
fied by the letter P followed by a number which 
indicates the particular program position in the 
order of development. Thus, the P 7 is a later 
program than P 6. Revisions to a program are 
designated by a suffix letter; e. g., P 7A, P 7B. 
The current programs in use at the present time 
are P 7, P 7A and P 7B. The difference in the 
current programs are discussed further under 
the description of the various systems that are 
affected. The basic steps used in computer pro¬ 
graming are discussed at the end of this chapter. 

COMPUTER OPERATION 

The computer receives signals from the 
major components of the system and translates 
these into information for subsequent operation. 
The computer continuously evaluates the vari¬ 
ous inputs with respect to the solution of the 
ultimate bombing problems. (See fig. 11-10.) It 
samples the settings of all theweapons stations, 
and applies proper stores ballistics data and 
equations. The computer utilizes wired-in logic 
in the armament panel and insures appropriate 
weapon selection and arming. 

Computer outputs generate and control var¬ 
ious displays available to the pilot and bombard¬ 
ier/navigator (B/N). These include contact 
analog, radar cursor positioning, steering bugs, 
optical sight, terrain clearance, and tape dial 
readouts which provide information of various 
types to the crewmembers. The system utilizes 
115/200-volts, 400 Hz, 3-phase power gener¬ 
ated by the aircraft and has internal power sup¬ 
plies generating the other voltages required for 
system operation. 

INPUT CONTROLS 

The various input controls for the integrated 
attack-navigation system are on the flight mode 
selector panel, the keyboard control panel, and 
the navigation control panel. The functions of 
these panels and their associated controls are 
briefly discussed in the following paragraphs. 
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Figure 11-10.-Integrated 
FLIGHT NAVIGATION MODE PANEL 

The flight navigation mode selector panel 
(fig. 11-11) is on the B/N's control panel. This 
panel contains the necessary controls for select¬ 
ing the mode of operation of the computer and 
associated functional readouts for navigation 
purposes. 


AQ. 204 

attack-navigation system. 

Flight Mode Selector Buttons 

The computer selector buttons are six push¬ 
buttons on the flight navigation mode panel, and 
are placarded TEST, OFF, PRE FLT, TAKE 
OFF, FLIGHT, and LAND. These buttons are 
used to select the type of data the computer is 
to provide, and they require positioning prior to 
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AQ. 205 

Figure 11-11. -Flight navigation mode 
selection panel. 


inserting mission data by the B/N. The buttons 
are of the square-coded type, and are spring 
loaded so that only one button can be depressed 
at any one time. The buttons rotate 45° when 
depressed, to indicate the mode presently se¬ 
lected. 

With the OFF button depressed, the system 
is inoperative, with no power applied to the 
computer components. 

The PRE FLT button is used for ground 
check. It enables operational testing of the 
ballistics computer prior to takeoff. 

Depressing the TAKE OFF button instructs 
the ballistics computer to present dead-ahead 
commands to the pilot. This button is depressed 
when the aircraft is alined with the runway and 
is ready for takeoff. 

The FLIGHT mode is the normal operating 
mode. It is used to initialize the computer and 
for insertion of navigation and performance data 
prior to takeoff. It is activated again after take¬ 
off and utilized during the navigational and 
attack portion of the mission. 

Depressing the LAND button instructs the 
ballistics computer to present to the pilot land¬ 
ing information relative to either a carrier or 
a runway. The basic information for this path¬ 
way is developed from data inserted into the 
computer. The TEST position on the flight nav¬ 
igation mode panel permits testing the various 


components of the computer to insure proper 
operation, and is primarily a function of main¬ 
tenance. 

Navigation Mode Selector Buttons 

The six selector pushbuttons on the flight 
navigation mode panel (fig. 11-11) allow the 
B/N to position the radar cursors over a pre¬ 
selected point. Steering information is provided 
for the pilot depending on the mode selected 
(fig. 11-12). 

There are two settings for each of the push¬ 
buttons, depending upon the position of the nav¬ 
igation transfer switch below the lower push¬ 
button (fig. 11-11). When the navigation trans¬ 
fer switch is positioned to the left, the following 
functions may be selected: 

1. BASE - NO AP (Base - No Aimpoint)- 
Depressing the BASE - No AP button instructs 
the computer to provide the necessary steering 
information to the pilot's displays and positions 
the radar cursors to the previously inserted 
latitude and longitude of the base which the pi¬ 
lot intends to land. 

2. BASE - AP 1 (Base - Aimpoint ^-De¬ 
pressing the BASE - AP 1 button instructs the 
computer to provide the necessary steering in¬ 
formation to the pilot's displays to direct the 
aircraft to the previously inserted latitude and 
longitude of the base, and simultaneously to 
position the radar cursors to an offset aimpoint 
of previously inserted range and bearing from 
the base. 

3. BASE - AP 2 (Base - Aimpoint 2)-With 
this button depressed, the computer provides 
information as outlined in BASE - AP 1, except 
that the radar cursors are directed to a second 
offset aimpoint. When using this control in ei¬ 
ther position, the aimpoint is selected because 
of its better radar return characteristics. 

UNSTAB-NO STEER 

When the navigation transfer switch is posi¬ 
tioned to the right, the following functions may 
be selected: 

1. PRES TGT - NO AP (Preset target - No 
Aimpoint)-Depressing the PRES TGT - NO AP 
Button instructs the computer to provide the 
necessary steering information to the pilot's 
displays and positions the radar cursors to the 
previously inserted latitude and longitude. The 
altitude entered for this location is also used 
by the computer when OPPORT TGT is selected. 
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Figure 11-12. -Navigation steering options. 


AQ. 206 


2. PRES TGT - AP 1 (Preset target - Aim- 
point 1)-Depressing the PRES TGT - AP 1 but¬ 
ton instructs the computer to provide the neces¬ 
sary steering information to the pilot’s displays 
to direct the aircraft to the previously inserted 
latitude and longitude of the target and simul¬ 


taneously to position the radar cursors to an 
offset aimpoint of previously inserted range and 
bearing from the target position. 

3. PRES TGT - AP 2 (Preset target - Aim- 
point 2)-With this button depressed, the com¬ 
puter provides information as outlined in PRES 


292 


Digitized by Google 




















































Chapter 11-DIGITAL COMPUTERS 


TGT - AP 1, except that the radar cursors are 
directed to a second offset aimpoint. When 
using either of these positions, the aimpoint is 
selected because of its better radar return 
characteristics. 

4. OPPORT TGT (Opportunity Target)-De¬ 
pressing this button instructs the computer to 
present steering information toward the inter¬ 
section of the radar cursors. The altitude used 
by the computer with OPPORT TGT selected is 
that inserted for PRES TGT NO AP. In aircraft 
incorporating the P 7 program, this altitude 
may be changed by simply inserting a new alti¬ 
tude for PRES TGT NO AP. 

5. STAB - NO STEER (stabilized - No 
Steering)-Depressing this button instructs the 
computer to provide no steering instructions to 
the aircraft systems, and simultaneously to 
ground stabilize the radar range and azimuth 
cursors at any position selected by the B/N 
through the operation of the slew control stick. 

In aircraft with the P 7 or P 7A program, 
the cursors will be left at the 12. 5-mile dead- 
ahead position. Cycling steering with the nav¬ 
igation checkpoint switch leaves the cursors at 
the checkpoint. 

6. UNSTAB - NO STEER (Unstabilized - 
No Steering-Depressing this button sets the re¬ 
lative bearing of all steering commands to zero 
(dead ahead), and positions the range and azi¬ 
muth cursors at a point 12. 5 miles dead ahead 
of the aircraft. The cursors are unstabilized 
in range and azimuth. 

When UNSTAB - NO STEER is selected and 
steering is cycled with navigation transfer 
switch, the cursors will remain at the 12. 5- 
mile dead-ahead position. If steering is cycled 
with the navigation checkpoint switch, the cur¬ 
sors will return to the 12. 5-mile dead-ahead 
position. 

Navigation Transfer Switch 

The navigation transfer switch is a two-po¬ 
sition toggle switch below the lower pushbutton 
(fig. 11-11). The switch has no placarded po¬ 
sitions and, when moved to the left or right, 
enables selection of two groups of six ballistics 
computer navigational modes using the same six 
navigation mode selector buttons. 

Navigation Checkpoint Switch 

This two-position toggle switch (fig. 11-11), 
placarded NAV CHK PT (navigation checkpoint) 
and NORM (normal), provides a means of sus¬ 


pending all instructions from the navigation 
mode selector buttons, except pilot's steering 
information. When the switch is positioned to 
NAV CHK PT, the computer directs the radar 
range and azimuth cursors to the navigation 
checkpoint previously inserted into the computer. 
In this position, the computer steering informa¬ 
tion provided the pilot will not be interrupted; 
however, range information is to the checkpoint 
and pilot steering is to an infinite range. The 
displays will continue to provide the pilot with 
the necessary steering information. 

NOTE: To update information in this mode, 
the B/N positions the cursors over the prede¬ 
termined checkpoint and depresses the COR¬ 
RECT POS button on the navigation control panel. 
This will automatically correct all present po¬ 
sition readouts, except altitude. 

With the switch in the NORM position, the 
computer operates as directed by the navigation 
mode selector buttons. 



1. TEMPORARY STORAGE 
INDICATOR 

2. KEYBOARD CLEAR KEY 

3. ADDRESS KEYS 

4. ADDRESS KEY RELEASE BAR 

5. QUANTITY KEYS 

6. ACTION KEYS 


COMPUTER KEYBOARD 


AQ. 207 

Figure 11-13. -Keyboard control panel. 
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KEYBOARD CONTROL PANEL 

The keyboard control panel (fig. 11-13) is 
used by the B/N to insert data relative to the 
intended mission. The panel consists of the 
address keys, quantity keys, action keys, 
clear button, and a temporary storage 
indicator. 

Address Keys 

The address keys consist of 12 pushbuttons 
and a release bar. These instruct the com¬ 
puter to establish quantity data as reference 
for subsequent application with a particular 
mission requirement. 

NOTE: The address keys are not mech¬ 
anically interlocked and two may be depressed 
at a time. Therefore, it is essential that the 
release bar be actuated after information con¬ 
cerning a given address has been entered. 

Once a key has been depressed, it will re¬ 
main depressed until the release bar is actua¬ 
ted. The function of each of the keys is given 
in the following paragraphs: 

1. BASE-This key is depressed to set in 
latitude and longitude coordinates during data 
insertion. Both coordinates are inserted as 
degrees and minutes, and altitude is inserted 
as feet. 

2. CHECKPOINT—Depressing this key per¬ 
mits the insertions of the checkpoint latitude 
and longitude coordinates to degrees and min¬ 
utes, and the altitude of the checkpoint in feet. 

3. TARGET-This key is depressed to set 
in latitude and longitude coordinates during 
data insertion. Both coordinates are inserted 
as degree and minutes, and altitude is inserted 
in feet. 

4. AIMPOINT ONE-This key is depressed 
to insert the location of preselected aimpoint 
one. The location is inserted with respect to 
specified coordinates and is programed as a 
range and bearing offset from preset target or 
base coordinates. The bearing is addressed in 
degrees and minutes (360°00’) while distance 
is addressed in feet (99, 999'). Aimpoint alti¬ 
tude is entered as differential altitude with re¬ 
spect to the specified coordinate elevation. 

'5. AIMPOINT TWO-This key is depressed 
to insert information similar to that outlined 
in aimpoint one, except that the information 
inserted is defined with respect to a second 
preselected aimpoint. 


NOTE: Two offset bearings and distances 
are available for use with either base or target 
steering modes. 

6. PRES LOCA (Present Location)-De¬ 
pressing this key permits insertion of the lat¬ 
itude and longitude coordinates of the aircraft’s 
present location, and the altitude of the loca¬ 
tion is also inserted in the computer. 

7. CRUISE ALT (Cruise Altitude)-This key 
is depressed to insert the desired release 
slant range for STRAIGHT PATH free-fall 
attacks. 

8. MAP CENTER-Presently inoperative. 

9. REL ADV (Release advance)-This key 
permits the B/N to instruct the computer to 
send a release pulse at a selected distance in 
advance of the computed release point. 

10. STORE (Store Weight)-This key is de¬ 
pressed to program the computer with informa¬ 
tion regarding the total weight of the stores in 
pounds. 

11. WIND-This key is depressed to insert 
into the computer the wind velocity and direc¬ 
tion. These are inserted in standard form; 
i. e., true direction in degrees and minutes and 
velocity in knots. 

12. GLIDEPATH-This key is depressed to 
insert the various data necessary to establish 
the appropriate landing glidepath-the true bear¬ 
ing of the runway, in degrees and minutes, and 
the altitude of the glidepath interception point in 
feet above sea level. 

13. RE LEASE-This bar is momentarily de¬ 
pressed to release any depressed address key. 

Quantity Keys 

The quantity keys (fig. 11-13) consists of 14 
momentary keys, marked 1, 2, 3, 4, 5, 6, 7, 
8, 9, 0, N/+, S/-, E and W. These keys are 
used to insert the various quantity data with 
respect to the indicated address keys. The 
keys are depressed individually. Once the 
quantity key has been depressed, the corre¬ 
sponding figure will appear in the temporary 
storage indicator readout window. This pro¬ 
vides the B/N with a means of checking to in¬ 
sure that the correct information is being 
inserted into the computer. 

The actual insertion sequence into the com¬ 
puter memory requires that the B/N depress 
the appropriate address key, insert quantity 
data by depressing the correct quantity keys, 
checking the indicated value on the temporary 
storage indicator, and finally, depressing the 
related action key to channel the data to the 
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storage area within the computer memory 
drum. 

If, during the keyboard insertion sequence, 
the B/N accidentally actuates the wrong key or 
the information is changed, the data appearing 
on the temporary storage indicator can be 
erased by depressing the clear button (fig. Il¬ 
ls). This erases all of the information appear¬ 
ing in the temporary storage indicator. 

To insert data into the memory drum of the 
computer, it will be necessary that a total of 
six quantity keys be depressed, regardless of 
the number of significant digits in the basic 
information. The first key to be depressed 
will always be one of the N/+, S/-, E, or W 
keys for position, or the N/+, S/- keys for 
plus or minus quantities. 

NOTE: When the N/+, or S/- key is de¬ 
pressed, the temporary storage indicator will 
read N or S only, despite the condition being 
programed. It will therefore be necessary for 
the B/N to realize that the appropriate value is 
being designated, since the + or - signs do not 
appear in the readout window. 

After the key has been depressed denoting 
the selected position or sign, the quantity can 
be inserted. If necessary, this is accomplished 
by prefixing the significant digits with the 
necessary number of zeros to result in a six¬ 
digit insert. For example, if the latitude to be 
inserted in N 40°05’, it will be necessary that 
the B/N depress the N/+ key; followed by the 0 
key, and then the 4, 0, 0, 5, keys. This will 
provide the necessary six-digit insertion. 
Failure to depress the necessary six-digits will 
disable the action button and data cannot be 
inserted. 

NOTE: It will be necessary that the B/N 
depress and hold the desired quantity key until 
the appropriate figure appears in the tempo¬ 
rary storage indicator. 

Action Keys 

The six action keys (fig. 11-13) are loca¬ 
ted below the quantity keys, and are marked 
POS (position), ALT (altitude), DIST (distance), 
BRG DIR (bearing direction), VEL (velocity), 
and WT (weight). After the appropriate quan¬ 
tity keys have been depressed, the B/N inserts 
the information into the computer memory 
drum by depressing the related action key. 
This action simultaneously clears the tempo¬ 
rary storage indicator for additional informa¬ 
tion insert. The action keys function to pro¬ 
gram the computer for the information storage 
as indicated in the following paragraphs: 


1. POS (Position)-When this key is de¬ 
pressed, the computer is advised to store the 
information presented on the temporary storage 
indicator on the appropriate position track in 
in the memory drum. This information will 
include the longitude, and latitude of the base, 
target, present location, or checkpoint. 

2. ALT (Altitude)-When this key is de¬ 
pressed, the computer is advised to transfer 
the information in the temporary storage in¬ 
dicator to the memory drum related to the 
altitude of the base, target, present location, 
glidepath, checkpoint, or aimpoint, and the 
desired release slant range for straight path 
attack. 

3. DIST (Distance)-When this key is de¬ 
pressed, it instructs the computer to store the 
information appearing in the temporary storage 
indicator regarding the distance to the aimpoint 
(aimpoints one and two) from the target. 

4. BRG DIR (Bearing Direction)-This key 
advises the computer to transfer the informa¬ 
tion appearing in the temporary storage indica¬ 
tor to the memory drum of the computer. This 
information includes the true bearing from the 
target to the aimpoint. This control also pro¬ 
vides a means of supplying the computer with 
the necessary information regarding the direc¬ 
tion of the wind, and the orientation of the 
landing runway (glidepath). 

5. VEL (Velocity)-This key advises the 
computer to transfer to storage the informa¬ 
tion regarding the wind velocity indicated on 
the temporary storage indicator. 

6. WT (Weight)-This key instructs the 
computer to transfer from the temporary 
storage indicator information on the aircraft 
weight, relative to the fuel reserve require¬ 
ments, and the total weight of the stores on 
board the aircraft. 

Temporary Storage Indicator 

The temporary storage indicator (fig. 11- 
13) consists of a digit counter. The reading on 
the indicator is controlled by the selection of 
the quantity keys during the insertion sequence. 
The counter displays a five-digit number, pre¬ 
fixed by a control letter designator represent¬ 
ing direction, or a plus or minus value. Dur¬ 
ing all insertion sequences, the B/N will con¬ 
tinually refer to these readouts to insure that 
die correct data is being inserted into the com¬ 
puter drum. 
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Clear Button 

The clear button is located beside the tem¬ 
porary storage indicator (fig. 11-13) and pro¬ 
vides the B/N with a means of erasing all in¬ 
formation appearing in the temporary storage 
window. This control will find application in 
correcting erroneous data punched on the key¬ 
board. When the clear button is depressed, 
the entire TSR is removed and the tapes return 
to blanks; then the corrected data may be 
inserted. 

KEYBOARD DATA INSERTION 

For the purpose of this procedure, assume 
that the mission planning data to be inserted is 
confined to the base location of the aircraft. 
Aircraft’s present location is: 

Latitude 36° 49’ North 
Longitude 76° 02' West 
Altitude 22 feet 

Initially, it will be the responsibility of the 
B/N to resolve this information into an accept¬ 
able format for the computer; that is, adding 
the necessary zeros to complete the insertion 
requirements. 

The procedure is as follows: 

1. PRESS LOCA- DEPRESS-Depress 
PRES LOCA key in address section. 

2. Quantity keys - DEPRESS - N03649-De- 
press quantity keys in order: N, O, 3, 6, 4, 9. 

NOTE: Observe the readout N03649 on the 
temporary storage window. 

3. Position (POS) key - DEPRESS-Since 
this is a position category, POS key is de¬ 
pressed in order to insert latitude of the pres¬ 
ent location into the computer. Observe that 
the temporary storage reading is erased, and 
that the readout appears on the navigation con¬ 
trol panel in the present position (LAT) window 
if the DATA/PRES POS/ON CALL is in the 
PRES POS position. 

4. Quantity keys - DEPRESS - W07602-De- 
press quantity keys in order: W, 0, 7, 6, 0, 2. 

NOTE: Observe the reading W07602 on the 
temporary storage window. 

5. Position (POS) key - DEPRESS-The 
longitude of the present location will be trans¬ 
ferred into the computer. Observe that the 
temporary storage reading is erased, and that 
the reading appears on the navigation control 
panel in the present position (LONG) window if 
the DATA/PRES POS/ON CALL is in the PRES 
position. 


6. Quantity keys - DEPRESS - N00022-De- 
press quantity keys in order: N, 0, 0, 0, 2, 2. 

NOTE: Observe the reading N00022 on the 
temporary storage window. 

7. Altitude (ALT) key - DEPRESS-Since 
this is an altitude category, altitude of the 
present location is transferred into the com¬ 
puter, the temporary storage indicator is 
erased, and the readout appears on the naviga¬ 
tion control panel in the present position (ALT) 
window if the DAT/PRES POS/ON CALL is in 
the PRES POS position. 

The latitude, longitude, and altitude of the 
present location have now been entered into 
the memory drum of the computer. The inputs 
to be entered next into the memory of the com¬ 
puter consist of the following: 

1. Latitude and longitude, in degrees and 
minutes; altitude (MSL), plus or minus in feet, 
for base, checkpoint, and target. 

2. True bearing, in degrees and minutes, 
from target; distance in feet from target; and 
differential altitude in feet for aimpoint one, 
aimpoint two and base aimpoint. 

3. True bearing, in degrees and minutes; 
velocity in knots for predicated or estimated 
wind. 

4. True bearing, in degrees and minutes 
of runway heading or direction of intended 
landing. 

5. .Slant range in feet entered under cruise 
control altitude quantity key. Used in straight 
path dive attacks to give pilot (vertical) steer¬ 
ing indications. 

6. Fuel reserve/release advance - N00000 

7. Stores weight in pounds. 

COMPUTER ERROR CODES 

When not in attack, the computer performs 
18 diagnostic tests each iteration, provided 
the error code switch is at READ in aircraft 
with the P 7 or P 7A program. Should one of 
these diagnostic tests be failed, the error 
lights will be turned on and the applicable code 
will appear in the number three window of the 
R H U upper panel. In aircraft with the P 7 or 
P 7A program, the data select switch must be 
at C to read the error codes. 
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The computer diagnostic tests and error 

codes are as follows: 


Code 

Function 

001 

Read and restore core 

002 

Zero + zero 

003 

C register + B register 

004 

CT selection 

005 

CT + RAB 1 

006 

CT + RAB^q 

007 

C register to B register 

008 

Absolute value 

009 

Left shift 

010 

Multiply 

Oil 

Nonaddressed input 

012 

Time test 

013 

Core modification 

014 

RAB 50 

015 

Test VA-VG 

016 

Double precision multipli¬ 
cation 

017 

Divide 

018 

Square root 

099 

Auto reset 

088 

Steering cycled with 


velocity 

correct switch in 
MEMORY POINT (P 7A 
only) 


In aircraft with P 7 or P 7A program, if 
the error code switch is in ERASE, the code 
512 is displayed; in attack, no error lights are 
generated and normal error codes are not 
displayed. If there is a failure of release 
valid data (indicated by pathway off on the 
VDI), the valid data code will be displayed 
only during the time when the path is off. 
When the pathway reappears, the code will be 
erased from the tape dial automatically. The 
valid data codes are as follows: 


Code Test failed 

111 Ballistic solution error, 

angle to release error 
or computer iteration 
time error. 

222 True airspeed-inertial 

error (winds exceed 
106 knots + . 00325 x 
altitude in feet). 

333 Error in rate of change 

of elevation velocity 
vector or integration 
of normal acceleration. 


RELEASE ADVANCE 

Release advance permits the B/N to intro¬ 
duce a range offset value into the weapon re¬ 
lease solution. In this way, by advancing the 
initial release point a perdetermined distance, 
the B/N can straddle a target with a train re¬ 
lease of bombs. In addition, by advancing or 
retarding the release point, known system range 
solution errors can be compensated. 

In aircraft incorporating the P 7 or P 7A 
program, release advance information is in¬ 
serted by means of the keyboard and is read in 
the VC/MTV data readout window. The in¬ 
formation is introduced into the solution by 
depressing the release advance button. De¬ 
pressing the button a second time will remove 
the information from the solution. The com¬ 
puter can accept keyboard inputs of up to 9999 
feet of release advance, and it is displayed in 
the computer data readout windows to the 
nearest 100 feet. If the stored release advance 
information is disturbed in any way while the 
release advance button is engaged, the light in 
the button will go off, and the computer will no 
longer accept the information. To reintroduce 
the release advance data, it is necessary to 
disengage the release advance button to remove 
the data and engage the button to introduce it. 
Recheck the value in the readout window to be 
sure that the proper data was entered. 

There is a dual channel input for release 
advance information when it is entered into the 
computer-one to the computer and the other to 
the readout. Therefore, it is possible to enter 
a number into the computer via the FUEL RES 
address key, have it read correctly in the 
FUEL RES window, and still have an erroneous 
value in the computer. It is good procedure to 
reenter the desired release advance whenever 
a computer error light or other transient condi¬ 
tion occurs. Reentering the desired release 
advance just prior to the bombing run is also 
advisable to help insure that the computer is 
using the correct value. 

BALLISTICS COMPUTER 
DATA READOUTS 

Data readouts are displayed to permit 
evaluation of system operation, malfunction 
analysis, and reconstruction of weapon release 
conditions so that weapon impact errors can be 
analyzed. Figure 11-14 shows the readouts 
available for the attack case and the naviga¬ 
tion case. 
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Figure 11-14.-Computer data readouts. 


AO. 208 


ATTACK-NAVIGATION 
PANEL (RHU) 

The attack-navigation panel in the right- 
hand unit (fig. 11-15) contains the ballistics 
computer data readouts, the switches controll¬ 
ing them, and the release advance button. 

Data Readout Windows 

The data readout windows display values as 
shown in figure 11-14. The sign of all lateral 
data is positive to the right with respect to the 
reference direction. Roll is positive with right 
wing down. Aircraft elevation angle and track 
elevation are positive up with respect to the 
reference direction. Attack solution error is 
positive for a long impact, and release advance 
is positive for a short impact. The release 
angle output is the angle from horizontal 


(positive up) in all cases except general or 
high loft retarded weapons. In these cases the 
value indicated is the last computed angle to go 
in the iteration prior to release. Time of fall 
is the value from release to impact or burst 
height for bombs, and the value from motor 
burnout to impact for rockets. A functional 
description of the values displayed are dis¬ 
cussed in the next section. 


NAVIGATION READOUTS 

The data appearing on the computer readout 
windows are determined by the position of the 
DATA SELECT switch. The information 
presented in each readout window for each 
position of the DATA SELECT switch (A/B/C) 
the navigation mode is discussed in the follow¬ 
ing paragraphs. (See fig. 11-14.) 
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Figure 11-15. - Attack-navigation panel (RHU). 


5. Velocity correction or moving target 
velocity (VC/MTV) is displayed in knots. When 
the velocity correct switch is in MEMORY 
POINT, velocity correction is displayed. When 
the AMTI control is ON, target velocity is dis¬ 
played. When velocity correct and AMTI are 
both ON, velocity correction is displayed. 

B. Position 

1. Track radar azimuth gimbal angle is in 
the azimuth position in degress of the track 
radar antenna relative to the ADL. Right is 
positive; left is negative. 

2. Track radar elevation gimbal angle is 
the elevation position in degrees of the track 
radar antenna relative to the azimuth gimbal. 
Up is positive; down is negative. 

3. Pressure altitude is uncorrected alti¬ 
tude in feet x 100 above the standard datum 
plane (29. 92 inches of mercury). 

4. Static pressure is raw static pressure 
outside the aircraft in inches of mercury to the 
nearest 0. 1 inch. 

5. Sensed total temperature is the uncor¬ 
rected outside air temperature in degrees 
centigrade. 


A. Position 


C. Position 


1. Altitude solution error (ALTITUDE 
ERROR) is a number x 10 representing the dif¬ 
ference between the corrected pressure alti¬ 
tude and the inertial altitude. The readout is 
the smoothed value of this difference. The un¬ 
smoothed value is applied directly to the iner¬ 
tial altitude, while the smoothed value is ap¬ 
plied to platform vertical velocity. These 
corrections compensate the long term low drift 
rates in velocity and altitude. At initial start¬ 
up of the computer, with the platform in OPER 
INERL selected and present position data en¬ 
tered, this readout will indicate +200 or -200 if 
there is an initial vertical velocity error of 
*2 feet/second. A positive error in this read¬ 
out indicates that inertial altitude is above 
pressure altitude. 

2. True airspeed (TAS) is air data com¬ 
puter input Mach converted to RAS in knots. 

3. Doppler ground velocity (DOPPLER 
GROUND VELOCITY) is the direct AN/APN- 
153 ground speed in knots. 

4. Doppler drift angle (DOPPLER DRIFT 
ANGLE) is the direct AN/APN-153 drift angle 
in degrees. Right drift is positive; left drift 
is negative. 


1. Angle of attack is the true aircraft 
angle of attack in degrees. 

2. Elevation angle is aircraft pitch angle 
in degrees (angle between ADL and horizontal 
reference). 

3. Error code is a number representing 
one of 18 computer errors. 

4. Roll angle is aircraft roll angle in 
degrees. 

5. Release advance is the amount in feet 
of range offset that has been inserted into the 
solution. Offsets up to 9999 feet will be indi¬ 
cated to the nearest 100 feet. Values less than 
100 feet read zero. 

ATTACK READOUTS 

With the data select switch in the position 
shown, the following readouts will appear in 
the appropriate windows. 

A. Position 

1. Ballistic solution error (BALLISTIC 
ERROR) is the difference in feet x 10 between 
the computed weapon release condition and 
actual release range. 
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2. True airspeed (TAS) is the same as 
that displayed in the navigation readouts. 

3. Vertical separation (VERTICAL SEPA¬ 
RATION) is altitude in feet x 10 above the tar¬ 
get, and is derived from keyboard inputs or 
track radar. 

4. Release angle (RELEASE ANGLE) is 
one of the following values: 

a. For free-fall loft, the release angle 
in degrees. 

b. For straight path free fall, the air¬ 
craft velocity vector in degrees. 

c. For retarded bombs, the angle to 
go to release. 

d. For 2. 75 FFAR or Zuni rockets, the 
launch angle in degrees. 

e. For Bullpup missiles, the aircraft 
depression angle in degrees. 

5. Velocity correction or moving target 
velocity (VC/MTV) is the same as that dis¬ 
played in the navigation readouts. 

B. Position 

1. Time of fall is computed time of fall of 
bombs to impact or air burst point, or rocket 
time of flight after burnout. The time is dis¬ 
played in seconds. 

2. Total inertial speed is total aircraft 
velocity in space in knots. 

3. Ground range is actual ground range 
from aircraft to target ± release advance in 
feetx 100. 

4. Computed ballistic range is the hori¬ 
zontal weapon travel from the aircraft to the 
target in feet x 10. The first digit (the 10’s of 
thousands digit) is assumed to be known and is 
not displayed. 

5. Steering error is the azimuth steering 
error to the release point in mils. 

C. Position 

1. Altitude solution error is the same as 
that displayed in the navigation readouts. 

2. True heading is displayed in degrees. 

3. Valid data inhibit codes are numerical 
designations of valid data tests. The appear¬ 
ance of these codes (111, 222, or 333) in con¬ 
junction with ADI pathway disappearance in¬ 
dicate failure of a valid data test as shown in 
the following: 


Code 

111 Ballistic solution error, angle 

to release error or computer 
iteration time error. 

222 True airspeed - inertial error 

(winds exceed 106 knots + 
0.00325 x altitude in feet). 

333 Error in rate of change of ele¬ 

vation velocity vector or in¬ 
tegration of normal accelero¬ 
meter. 

4. Normal accelerometer input is the 
normal g force exerted on the aircraft in g x 
0 . 1 . 

5. Release advance is the same as that 
displayed in the navigation readouts. 

ERROR CODE SWITCH 

The error code switch (fig. 11-15) is a 
two-position toggle switch marked READ/ 
ERASE. In the READ position, error codes 
can be read in the number three window. (The 
DATA SELECT SWITCH must be in position C 
to read error codes.) When the switch is 
placed to ERASE, the error code appearing in 
the readout window will be erased and the com¬ 
puter error lights will go out. The switch 
should normally be left in READ. 

RELEASE ADVANCE BUTTON 

The release advance button is marked 
RELEASE ADVANCE and is used to enter re¬ 
lease advance information into the computer’s 
computations. When the button is engaged and 
the information is being accepted by the com¬ 
puter, the light in the button is iUuminated. 

ATTACK DATA FREEZE 

When the computer is in an attack condi¬ 
tion, all the information available in the right- 
hand unit attack-navigation panel windows as 
well as some that is available in the naviga¬ 
tion control panel windows are frozen at 
weapon release. The computer continues to 
operate normally, but the data in the windows 
remains unchanged until an action key on the 
keyboard is depressed. All values in attack- 
navigation panel windows may be read by mov¬ 
ing the data select switch through its three 
positions. The information that is frozen in 
the navigation control panel windows depends 
on the position of the navigation data switch 
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Figure 11-16. -Attack data freeze. 


(fig. 11-16). When the switch is in PRES POS 
or DATA at release, present position and data 
information will be frozen and may be read by 
making use of the navigation data switch. When 
the switch is in ON CALL at release, on-call 
and data information will be frozen. 

PROGRAMED MODES 

All data processing and control functions 
of the ballistics computer are governed by its 
stored internal program. This program is 
divided into five basic subdivisions as follows: 
preflight, takeoff, flight, landing, and test. 
These program subdivisions govern the opera¬ 
tion of the ballistics computer in its operating 
modes, which bear the same titles. The fol¬ 
lowing paragraphs describe the functions and 
capabilities of the ballistics computer while 
operating in each of its programed modes. 

Preflight Mode 

The preflight mode enables operational 
testing of the ballistics computer prior to take¬ 
off. This mode also allows the B/N to insert 
strategic navigation and target data (command 
instructions) into the main memory, through 
the ballistics computer keyboard and operating 
controls. 

Takeoff Mode 

The takeoff mode of the ballistics com¬ 
puter is initiated when the aircraft is alined for 
takeoff from a base runway or carrier deck. 
This mode causes the ballistics computer to 
generate a dead-ahead heading command, which 
is displayed to the pilot by the analog display 
indicator. This display is an analog view of 
the command pathway, ground stabilized to the 
takeoff heading of the aircraft. 


Flight Mode 

The flight mode of the ballistics computer 
is the major operational mode, with respect to 
navigation and attack computations. There are 
two basic navigation subdivisions in this mode- 
present position and direction. 

The attack portion of the flight mode pro¬ 
gram contains four programs-general, straight, 
hi-loft, and rocket, which are dependent upon 
computer operation. The functions performed 
by the ballistics computer, using both the nav¬ 
igation and attack programs of the flight mode, 
are described in the following paragraphs. 

FLIGHT MODE - NAVIGATION (PRESENT 
POSITION). -Any of the following three modes 
may be chosen to determine present position, 
using inputs from the inertial navigation sys¬ 
tem: inertial, emergency Doppler, and dead 
reckoning. In the inertial mode, computations 
are based on both inertial navigation system 
and radar navigation set quantities. In the 
emergency Doppler mode, platform corrections 
are obtained from radar navigation set veloc¬ 
ity information. In the dead reckoning mode, 
platform corrections and velocity computa¬ 
tions are obtained from air data computer 
velocity data, in conjunction with windspeed 
information manually inserted into the ballistics 
computer. 

FLIGHT MODE - NAVIGATION (DIREC¬ 
TION). -Navigation computations to determine 
aircraft direction are controlled by a selected 
steering or checkpoint mode. These two modes 
specify the destination of the aircraft and di¬ 
rect the positioning of search radar cursors. 
When the checkpoint navigation mode is selec¬ 
ted, steering functions are uninterrupted and 
the ballistics computer directs the radar cur¬ 
sors to the navigation checkpoint of previously 
inserted latitude and longitude. The aircraft 
may be controlled by the AFCS, or by the 
pilot, following analog display commands. The 
AFCS and analog display receive ballistics 
computer outputs. Radar cursors (range and 
azimuth) are positioned by the ballistics com¬ 
puter except when manually overridden. There 
are four basic steering modes which are dis¬ 
cussed in the following paragraphs: 

1. BASE mode operation instructs the bal¬ 
listics computer to provide direction signals 
toward the previously inserted latitude and 
longitude of the base at which the pilot intends 
to land. When no offset is indicated, base 
mode operation positions the radar cursors 
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toward the landing base. When the B/N inserts 
offset information into the aft pedestal unit, the 
radar cursors are directed toward an offset 
aimpoint, information is inserted as bearing, 
direction, and differential altitude with respect 
to either base or target, not as latitude and 
longitude. 

2. PRESET TARGET mode operation in¬ 
structs the ballistics computer to direct the 
aircraft toward a target, according to coordi¬ 
nates which have been previously inserted, by 
means of the keyboard. When no offset is in¬ 
dicated, the radar cursors are directed toward 
the target. When an offset is indicated, the 
radar cursors are directed toward an offset 
aimpoint. 

3. OPPORTUNITY TARGET mode opera¬ 
tion instructs the ballistics computer to direct 
the aircraft toward the point represented by 
the intersection of the radar range and azi¬ 
muth cursors. 

4. NO STEERING mode operation instructs 
the ballistics computer to suspend steering 
instructions to the aircraft. Depending upon 
the radar slew control position, the radar cur¬ 
sors either remain fixed on a ground point or 
may move at aircraft velocity. The cursors 
may also remain fixed on a moving ground 
target. 

FLIGHT MODE - ATTACK. -The flight mode 
normally provides navigation commands to the 
aircraft subsystems and the crewmembers, 
unless an attack switch on the slew control, or 
an uncage switch on the flight stick, is actua¬ 
ted. When either of these switches is opera¬ 
tive*; the ballistics computer is instructed to 
modify navigation calculations to obtain attack 
solutions. The ballistics computer performs 
different attack programs, as dictated by the 
type of weapon selected and the attack mode 
desired. Manually selecting a mode of weapon 
delivery causes the ballistics computer to per¬ 
form a program of calculations unique to that 
particular mode, enabling the ballistics com¬ 
puter to solve weapons delivery equations and 
generate an appropriate weapon release signal. 
Computed steering and release commands per¬ 
mit the aircraft to make the most advantageous 
weapon delivery when the commit attack switch 
is actuated. Any of the following attack modes 
may be chosen: 

1. GENERAL mode attack computations 
are normally selected during a bombing attack. 
The ballistics computer computes bomb re¬ 
lease equations for low-loft attack angles un¬ 
less instructed otherwise. 


2. STRAIGHT mode attack computations 
solve equations for a level dive, or glide ap¬ 
proach, generating appropriate steering and 
release commands. 

3. HI-LOFT mode attack calculations are 
used for problems involving the release of 
bombs using a high-loft attack angle. 

4. ROCKET mode computations solve gen¬ 
eral attack equations for rocket launches. 

5. The LAB IP and lab TGT mode com¬ 
putations provide a backup bombing mode in¬ 
dependent of the ballistics computer. Weapons 
release is initiated by the inertial navigation 
system at a preset pitch-off (loft) angle. In 
the LAB IP (inertial point) mode, an intervalo- 
meter (timer-counter) provides the correct 
aircraft pullup time after an initial point has 
been crossed. 

6. In the LAB TGT (target) mode, the loft 
maneuver is started over the target and an 
over-the-shoulder weapons release is executed. 

Landing Mode 

The landing mode presents a pathway on the 
vertical display indicator group, alined with 
the landing runway or carrier deck. This path¬ 
way display aids the pilot in guiding the air¬ 
craft to a safe landing under any weather 
conditions. 

Test Mode 

The test mode provides a means of veri¬ 
fying the operational status of the ballistics 
computer by ground maintenance activities. 
The tests performed in this mode exercise 
virtually all circuits and components contained 
in the six major assemblies by programing 
them through a series of simulated navigation 
and attack problems. Successful completion of 
the test mode program indicates a 90 percent 
probability that the entire ballistics computer 
is functioning properly. 

SEQUENCE OF OPERATIONS 
IN PROGRAMMED MODES 

The internal program governs the compu¬ 
tation and control functions performed by the 
ballistics computer, according to the mode of 
operation selected by the B/N. The sequence 
of operations performed in each programed 
mode is referred to as an iteration, and may 
be divided into three sequential steps: The 
first step of an iteration is always performed 
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by the ballistics computer, regardless of oper¬ 
ating mode. The second step of an iteration 
may be performed in one of two possible ways, 
depending upon the attack status of the air¬ 
craft. The final step of an iteration is per¬ 
formed (like the first step) in all operating modes, 
regardless of the attack status of the air¬ 
craft. The three steps of an iteration are per¬ 
formed in an average mean time of 0. 5 second. 
Subject to variances introduced by operation in 
different modes, the following sequence of 
operations constitutes the first step of an 
iteration: 

1. Keyboard-entered input data is exam¬ 
ined. 

2. Doppler navigation calculations are 
performed. 

3. Flight attitude and environmental data 
inputs are examined; for example, airspeed, 
temperature, pressure, etc. 

4. Altitude computations are performed. 

5. Present position is determined (based 
on data inputs from inertial navigation system, 
radar navigation set, or dead reckoning 
sources). 

6. Correction signals for inertial platform 
(part of inertial navigation system) are 
generated. 

7. Navigation solutions to a selected des¬ 
tination are computed. 

8. Display-control and flight-command 
signals, to guide the aircraft to the selected 
destination, are generated. Radar cursors are 
positioned when range to the destination is 
equal to or less than 150 miles. 

9. Terrain clearance computations are 
performed and necessary avoidance commands 
are generated. 

The second step of an iteration contains the 
following action when the aircraft is not attack¬ 
ing a target: 

1. Display control computations are per¬ 
formed for navigation, takeoff, or landing 
operations. 

When the aircraft is actively attacking a 
target, the second step in an iteration contains 
the following actions: 

1. Ballistic solutions for delivery of selec¬ 
ted stores or special weapons are computed. 

2. Aircraft guidance display and control 
signals are generated to guide the aircraft 
through the computed attack maneuvers. 

The third step in an iteration consists of the 
distribution of guidance display and subsystem 
control signals, appropriate to the operating 
mode, and based upon the computations per¬ 


formed in that mode. These signals instruct 
the aircraft subsystems to perform certain 
functions, resulting in the implementation of 
the computed plan. 

FUNCTIONAL DIVISIONS 
OF BALLISTICS COMPUTER 

Although the circuits and components of the 
ballistics computer are housed in nine separate 
assemblies, none of these assemblies function 
as an entity in the computing process. For 
this reason, the theory discussion and circuit 
analysis which follow describe the ballistics 
computer as an integrated equipment, divided 
into five functional units. These functional 
units comprise circuits and components located 
throughout the nine major assemblies, and are 
referred to according to the functions which 
they contribute to the overall operation of the 
ballistics computer. The functional units are 
memory drum unit, control unit, arithmetic 
unit, input unit, and output unit. (See fig. 11- 

17.) 

MEMORY DRUM 

The memory drum unit of the computer 
comprises a nickel-cobalt plated magnetic 
drum, and associated circuits and components. 
The drum contains 160 magnetic recording 
tracks, each track capable of containing 150 
20-bit words (3, 000 bits), on which the internal 
program, timing signals, and other operating 
data are stored. The memory drum uses 21 
read heads, 18 write heads (used only on buffer 
tracks), 147 read/write heads and 2 space (1 
read, 1 write) heads. Temporary storage 
tracks (buffers) provided on the drum allow for 
short term storage of sensed strategic data 
and keyboard inserted commands until such 
data is needed for specific computations. One 
reason these buffers are necessary is because 
the input and output units cannot keep up with 
the arithmetic unit. The electronic circuits 
associated with the drum, participate in record¬ 
ing, readout, and distribution of the stored 
data. 

Track Assignment 

TIMING TRACKS. -Track No. 1 of the mag¬ 
netic memory drum is the clock track. Track 
No. 3 is the word marker/origin pulse track. 
The clock track contains a 200-kHz clock sig¬ 
nal. This signal is read, amplified, and sent 
to several clock pulse generators distributed 
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throughout the computer. The word marker/ 
origin pulse track contains word marker sig¬ 
nals that occur each word-time and the origin 
pulse that occurs each 150 word-times. 

ORDER TRACKS.-Order tracks perma¬ 
nently store instructions, addresses, and 
markers on 112 memory drum tracks. These 
tracks are divided into 56 channels of two 
tracks each. These two tracks are addressed 
simultaneously although the functions each per¬ 
form are different. To di stingui sh between 
these two tracks, one track in each channel is 
called the A-word order track and the other 
track is the B-word order track. Read heads 
are selected in pairs by instruction track 
selectors in the control unit. Instruction 
words are serially read into read amplifiers 
and then sent to the order registers. The A- 
word data contains arithmetic unit addresses 
and instruction, constant-track jump instruc¬ 
tions and addresses, and discrete output and 
special instructions. The B-word data contains 
addresses for the rapid access buffer in addi¬ 
tion to core memory and order track jump 
instructions and addresses. Tracking buffer, 
binary-to-BCD (binary-coded-decimal), and 
BCD-to-binary marke rs are located onthe 
B-order word. 

CONSTANT TRACKS. -Numerical constants 
are permanently stored on memory drum con¬ 
stant tracks, 32 of which are used in the arith¬ 
metic unit. Ballistic constants use nine 
tracks and are selected by external switches. 

BUFFER TRACKS. -Nine tracks are used 
for buffers. They are the tape display,key¬ 
board, ballistic constant, digital-to-analog out¬ 
put, rapid access, and tracking buffers. 

Word Structure 

Each computer word is divided by clock 
pulse and timing circuits into 20 5-microsecond 
bit times (BT). The drum, rotating at 4,000 
rpm, fixes word time at 100 n sec. Computer 
words are read from the drum and transferred 
throughout the computer, least significant bit 
(LSB) first. Instructions recorded on A-word 
and B-word order tracks may contain up to 20 
bits of information. Numerical quantities are 
represented by fractional, 18-bit binary num¬ 
bers in conjunction with a sign-bit. The binary 
numbers are contained in bits 1 through 18, 
with the least significant digit (LSD) in bit po¬ 
sition 1 and the most significant digit (MSD) in 
bit position 18. The sign-bit is located in bit 
position 19. Positive numbers are represented 


by a ZERO in bit 19 and the value of the frac¬ 
tional binary number is represented in straight 
binary form. N eg at iv e numbers are repre¬ 
sented by a 1 in bit 19 and the value of the 
fractional binary number is in the TWO's com¬ 
plement form. Binary numbers in the ballis¬ 
tics computer thus may range from -1 (binary 
1.000000000000000000) to approximately 
0.9999962 (binary 0.111111111111111111). 

CONTROL UNIT 

The control unit directs all internal opera¬ 
tions of the ballistics computer by coordinating 
the actions of the other functional units. In¬ 
cluded in this functional unit are the order reg¬ 
ister, timing signal generating circuits, and 
decoding gates for instructions and addresses. 
The control unit, using basic timing signals and 
orders received from the memory drum, syn¬ 
chronizes and identifies computer operations. 
Orders and instructions from selected drum 
tracks are stored in order registers and de¬ 
coded into instructions and addresses. These 
instructions specify the type of operations to be 
performed by the arithmetic unit, control the 
selection of the memory drum tracks, from 
which subsequent orders and arithmetic unit 
constants are to be obtained, and control a 
tracking buffer. Decoded addresses control 
the transfer of data into, out of, and within the 
arithmetic unit. 

Computer Timing 

As previously mentioned a200-kHz clock 
signal is permanently stored on one of the 
tracks of the memory drum. To generate the 
clock pulses, track number one is read by read 
head RW01 (fig. 11-18). This 200-kHz sine 
wave is then applied to the read amplifier RA 
which amplifies and converts the signal to a 3- 
volt square wave. The two outputs of th e am¬ 
plifier are referred to as RA01 and RA01 which 
are identical, except that the are 180° out of 
phase with each other. 

The output RA01 is now applied to a nonin¬ 
verting amplifier (NLA) for power amplification 
and then, as NRA1, is distributed to the master 
clock pulse generators MCP. There are six 
such generators (PM01 through PM06) only one 
of which is shown. These generators produce 
clock pulses every 5 n sec. The output indicated 
as PM02 is amplified by logical pulse amplifier 
(LPA) and in this instance is shown as full 
clock pulse PC03. It must be understood that the 
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Figure 11-18. -Clock pulse generation block diagram. 


AQ. 212 


master clock pulse, shown as PM02, also pro¬ 
duces clock pulses other than PC03. This is 
true of all master clock pulses (PM01 through 
PM06). 

The output NRA1 also goes to dual amplifier 
(DRA1) whose output DRA1 is used for test pur¬ 
poses. 

Refe rring again to the diagram note that the 
output . RA01 is applied to a noni nvertin g am¬ 
plifier which produces the signal NRA1 that is 
distributed to the half-clock pulse generators. 
There are three g en e r at o r s which generate 
half-clock pulses PMH1 through PMH3. Each 
half-clock pulse generator also produces clock 
pulses every 5 Msec but they are displaced 2. 5 
Msec from the full-clock pulses. 

Outputs from the master clock pulse gener¬ 
ators and half-clock pulse generators are dis¬ 
tributed throughout the computer to various 
logical pulse a mplifie rs and flip-flops. 

The signal NRA1 is also applied to a dual 
inverting amplifier to produce the output DRA1, 
which is used for test purposes. 

Recording 

Information is written on the memory drum 
by passing a current through a selected write 
head winding. Flux lines developed by this 
winding magnetize the drum surface directly 
beneath the writing head. During each drum 
revolution as a point on the drum surface that 
has been magnetized passes under a read head, 
a voltage representing the stored information is 
induced in the read head winding. 


This process of recording a 0 or a 1 on a 
magnetic medium appears straightforward 
enough, and actually is; but the techniques used 
vary considerably from those used for the more 
familiar tape recording of speech. The two 
opposing problems are to obtain the highest 
packing density and to maintain reliability. To 
obtain a reasonably high packing density, it is 
obvious that some distortion can be tolerated. 
In fact, there is certainly nothing magic in the 
ability of a pulse with square corners to repre¬ 
sent a 1 or a 0 better than a rounded waveform 
with the desired characteristics. 


To record digital data information efficient¬ 
ly, a saturation amplitude signal is normally 
employed. This results in a memory output 
signal which is a gross distortion of the pulse 
being recorded. Actually the signal which is 
read back is essentially the derivative of the 
pulse which was read in, or recorded. This is 
true because, when the magnetic medium is 
saturated, the output winding "sees" no change 
in flux and therefore produces no signal. The 
only time a signal is produced, then, is when 
going into or coming out of saturation. No 
change of output level will occur when the level 
of succeeding digits remains the same (two 
successive l's, for instance). This means that 
no read back signal would appear at this time. 
With a long series of l’s, it becomes apparent 
that timing pulses are a necessity; otherwise 
counting the time intervals would become very 
difficult. 
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LOGIC EQUATIONS FOR FWO 3 

IFW03* DW 31 PC 2 2 * FW03 PCMS 
0FW03 « DW 31 PC22 ♦ FW03 PCMS 




AQ. 213 

Figure ll-19.-Manchester recording, timing diagram. 

The system used in the ballistics computer duced in the read head is proportional to the 

to record on the magnetic drum is called the rate of change of flux, d0/dt. The drum sur- 

Manchester system and is described in the fol- face is saturated in one direction during the 

lowing paragraphs. first half of a bit and in the opposite direction 

MANCHESTER RECORDING SYSTEM. -The during the second half to write either a one or 

Manchester recording system enables long se- a zero. The direction chosen for saturating 

ries of ones or zeros to be recorded on the the drum surface on the first half of the bit is 

memory drum magnetic surface by providing a determined by the data to be recorded. Flux 

flux change each bit time. Information is changes between the two halves is of one po¬ 
stered on the drum surface so that the read- larity for a one and of the opposite polarity for 

back voltage induced in a read head is of one a zero. (See fig. 11-19). Note that when the 

polarity to represent a zero and of the opposite write flip-flop FW03 output changes state at 

polarity to represent a one. The voltage in- each half-clock pulse, a discrete bit is coded 
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Figure 11-20. -Manchester reading, timing diagram. 
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as a true-going or false-going change of state. 
The write current follows the write flip-flop 
waveform. A one is recorded by sending cur¬ 
rent through the head in one direction for the 
first half of a bit time and in the opposite direction 
during the second half of the bit time. A zero 
is recorded in the same manner, except the 
phase is shifted 180°. When the number to be 
written on the drum is a series of ones or 
zeros, the Manchester logic shifts one-half bit 
time and alternates between zero and one at 
the half-clock rate. When the number to be 

written alternates (1010-), the Manchester 

logic shifts one-half bit time and alternates be¬ 
tween one and zero at the full-clock rate. 

Information to be written on the memory 
drum may be amplified by a dual inverting am¬ 
plifier and then converted to Manchester logic 
and applied to a write flip-flop. This causes 
the information to shift once each half-clock 
time. The write flip-flop output is amplified 
by a write amplifier and applied to the associ¬ 
ated write head. 

Information is read from the memory drum 
by a read head as shown in fig. 11-20. Note 
that the read head input to the read head am¬ 
plifier appears as a sine wave for successive 
ones or zeros with a phase shift marking a 
change from one to zero or from zero to one. 
The read amplifier converts the sine wave to a 
square wave. Manchester logic is shifted one- 
half bit time and converted to normal logic by 
a read flip-flop. 

ARITHMETIC UNIT 

Operating under the direction of the control 
unit, the arithmetic unit performs all mathe¬ 
matical operations necessary to solve equations 
programed on memory drum order tracks. The 
unit is functionally divided into a core memory; 
a serial adder (SA); a multiply, absolute-value, 
divide, square root unit (MADSU); and a rapid 
access buffer (RAB). Input gating circuits, 
controlled by order register addresses, route 
data into and out of these functional subdivisions. 

The core memory provides a random access 
facility for storing initial, intermediate, and 
final arithmetic unit results. (Core character¬ 
istics and description are given later in this 
chapter.) Core instructions specify the inser¬ 
tion and removal of core memory data and ad¬ 
dresses specify where these data are to be 
stored or obtained. Core memory inputs and 
outputs are controlled by B-order register in¬ 
struction (03). Constants stored on the drum 


may also be stored in the core memory, or the 
output of the core memory may also be recir¬ 
culated back into the core input. 

Communication between the core memory 
and the computer is provided by the C register, 
which acts as a buffer. The core memory is 
composed of ferrite cores, wired in a matrix of 
128 columns of 19 cores each; thus it is capable 
of storing 128 words, any one of which is avail¬ 
able through the C register in one word-time. 
The C register is capable of transferring data, 
in parallel operation, between the core matrix 
and the A register of the arithmetic unit; and 
of transferring data serially between the mem¬ 
ory drum and the other elements of the arith¬ 
metic unit. Read out from the core memory is 
always destructive; however, information can 
be reinserted as it is read out. 

The MADSU elements, governed by control 
unit instructions, perform arithmetic opera¬ 
tions on selected drum constants and on data 
received from the core memory, input unit, 
RAB, SA, output buffer, constant track, and 
tracking buffer. 

Order register addresses route MADSU data 
to the output unit, core memory, SA, or RAB, 
or back into the MADSU. 

The S A performs binary addition or subtrac¬ 
tion according to order register instructions 
and receives data from the RAB, constant 
tracks, input unit, core memory, MADSU sec¬ 
tion, and the output buffer. The results of an 
addition or subtraction operation, gated in ac¬ 
cordance with control unit addresses, are de¬ 
livered to the RAB, MADSU, tracking buffer, 
and core memory in one word-time. Serial 
adder outputs are also available to the output 
unit through the output buffer, under the control 
of programed order register addresses. 

The rapid access buffer is a temporary 
storage facility used to hold data during arith¬ 
metic operations. The RAB uses one track of 
the memory drum for temporary storage of up 
to 128 words, available 1, 10, or 50 word-times 
after recording. Unlike the core memory, RAB 
data are stored in the sequence of insertion and 
cannot be retrieved at random. The RAB re¬ 
ceives inputs from its own outputs as well as 
from selected constant tracks, the MADSU, SA, 
input unit and core memory. The RAB inputs 
are selected by input gating circuits controlled 
by order register addresses. These addresses 
also gate RAB outputs to the core memory, 
MADSU, and SA. Programed, fixed data stored 
on memory drum constant tracks are gated to 
all portions of the arithmetic unit by control 
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unit addresses. The position of the drum when 
the selected track is gated to the arithmetic 
unit determines the constant obtained. 

Core Characteristics 

Ferrite cores used in the core memory are 
magnetically bistable; that is, the cores may be 
magnetized in either direction. This is accom¬ 
plished by reversing the direction of the current 
in a wire passing through the core, which re¬ 
verses the magnetic state of the core. These 
characteristics are represented symbolically 
by a square hysteresis loop. (See fig. 11-21.) 
Points A and D of this loop represent the maxi¬ 
mum magnetization of the core in each state. 
As indicated, these points are designated 0 and 
1. When current is present in the core winding, 
maximum magnetization is achieved. When 
current is not applied, deteriorization occurs, 
leaving the core magnetization at a level rep¬ 
resented by point B or E. The nearly square 
shape of the loop indicates that a specific cur¬ 
rent level is required to switch the core. Too 
small a current does not drive the core mag¬ 
netization level through points C or F. Once 
the full select current is applied, the core rap¬ 
idly changes state from C to D or from F to A. 
Reading the state of a core is a destructive pro¬ 
cess. The core is driven to the 0 state and the 
flux change is sensed. When the core is in the 
1 state, it is switched from E through F to A. 
Changing state from F to A causes a maximum 
current to be induced in the sense winding. 
This current, indicating the core was in the 1 
state, is amplified and sets the respective C 
register flip-flop. When a core is in the 0 
state, it is driven from B to A, which does not 
induce a current in the sense winding. This 
lack of current is sensed and used to reset the 
respective C register flip-flop. Whatever the 
state of a core before being read, it is always 
0 after being read, thus destroying the data in 
memory and placing it in the C register. 

To mechanize the bistable properties of 
ferrite cores for a memory device, four wind¬ 
ings are placed on each core. (See fig. 11-22.) 
These are the read, write, information, and 
sense windings. The read and write currents 
are of the same value. The read winding has 
three turns and, when energized, produces a 
full-select field which switches the core to its 
zero state. The write winding has two turns 
wound in opposition to the read winding and 
produces two-thirds of the full-select field 
when energized, which switches the core to the 



Figure 11-21.-Ferrite core hysteresis loop. 

one state. The information winding has two 
turns and carries one-half of the read and write 
current, producing one-third of the full-select 
field in a direction dependent on the data to be 
stored. When a one is to be stored, the infor¬ 
mation current is driven in the same direction 
as the write current, producing a full-select 
field. When a zero is to be stored, the infor¬ 
mation current is driven in the direction oppo¬ 
site to the write current. This opposition cur¬ 
rent reduces the two-thirds write field to one- 
third of the full-select field, a value insufficient 
to switch the core. 



FROM 

INFORMATION 

DRIVER 

-3V 

TO WRITE LINE 
SELECTION DRIVER 


SELECTION DRIVER 
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Figure 11-22.-Ferrite core windings. 

To use the cores as a memory device, they 
are wired in a matrix of 128 columns of 19 
cores. The 19 cores hold the 19 bits that rep¬ 
resent a word. The information and sense 
windings pass through one core of each of the 
128 columns, thus controlling the information 
and sensing of a specific bit of any word. The 
address selectors specify one of the 16 groups 
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of 8 columns that contains the word being oper¬ 
ated upon. The column that contains the word 
is selected by the line selection drivers. Six¬ 
teen specific columns are selected by the line 
selection drivers, but only the one column that 
is controlled by the selected address selector 
is activated by either the write line selection 
driver or the read line selection driver, de¬ 
pending on the operation being performed. 

Information to be stored in the core memory 
is transferred in parallel from 19 C register 
flip-flops to the cores through 19 information 
drivers. The information drivers energize the 
information lines of the 19 rows corresponding 
to the register flip-flops. The storage of the 
data requires a write pulse which is gated by 
the write line select drivers. The selected 
column is the only one of the 128 that is affected 
by the information lines. 

Reading of information is a similar operation 
to writing. Selection is accomplished as in 
writing, except that a read pulse is applied to 
the read line select drivers. The read line 
select drivers switch the 19 cores in the se¬ 
lected column to zero. Switching of the cores 
induces a current in the sense windings that is 
amplified by sense amplifiers. The sense am¬ 
plifiers then set or reset the register flip-flops 
according to the state of the corresponding 
cores. 

A SAMPLE ARITHMETIC UNIT 

The primary function of the arithmetic unit 
as previously mentioned is to perform the 
mathematical operations dictated by the pro¬ 
gram. These operations are usually programed 
utilizing methods that allow them to be manipu¬ 
lated arithmetically. The distinguishing char¬ 
acteristic of arithmetic operations lies in the 
fact that numerical quantities form the elements 
of the calculation. The arithmetic unit also 
performs operations that are not usually con¬ 
sidered to be arithmetic, such as comparing 
numbers, shifting right or shifting left. 

Digital computers are usually designed to 
perform all operations by modifications of the 
addition process. The following paragraphs de¬ 
scribe the basic requirements of an arithmetic 
unit and develop the logic necessary for its 
primary operations. The arithmetic unit de¬ 
scribed performs all of its operations by addi¬ 
tion. 

The requirements of an arithmetic unit are 
described with reference to the block diagram 
in fig. 11-23. The unit shown is capable of add¬ 


ing, subtracting, and multiplying. The number 
of additional elements that would be required 
for division make it impractical to show the di¬ 
vide operation. However, the requirements for 
division are discussed, making it fairly easy to 
visualize what additional components would be 
necessary to perform the operation. The math¬ 
ematical theory of square root operation is also 
given. 

The block diagram shows a four-bit parallel 
adder, five registers, a complementing network, 
an overflow detector, a cycle counter, a timing 
pulse generator, and a control network. The 
timing generator is not a physical part of the 
arithmetic unit; it is included here to help 
clarify the way that a sequence of steps re¬ 
quired to perform an arithmetic operation is 
controlled. 

Adders 

The adders used in this unit are full adders 
of the type discussed in chapter 14 of Aviation 
Fire Control Technician 3 & 2, NavPers 10387. 
Each adder is designed to accept the addend, 
augend, and a carry from the previous order to 
produce a sum and a carry output. 

Registers 

The registers contain all the information 
necessary for a given arithmetic operation and 
for storing the result of the operation. The unit 
shown uses five registers: the M, A, B, C, and 
D registers. All information taken from the 
memory passes through the M, or main, regis¬ 
ter. The M, A, and B registers are used for 
the add and subtract operations; multiplication 
operations use all five registers. The transfer 
gates used to convey information from one reg¬ 
ister to another are not shown on the diagram 
since they do not directly affect the logic. Reg¬ 
isters are discussed in detail in chapter 14 of 
Aviation Fire Control Technician 3 & 2. 

Complementing Network 

A number is applied to the adder in either 
its true of its complemented form, depending 
upon the arithmetic operation being performed. 
Figure 11-24 shows a simple complementing 
network. In a sophisticated complementing reg¬ 
ister one network is needed for each bit in the 
word. 

The circuit consists of two AND gates and 
an OR gate. The true and complement inputs 
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Figure 11-23. -Sample arithmetic unit block diagram. 
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FLIP-FLOP 



FF + FF 

AQ. 218 

Figure 11-24. -Complementing network. 


determine whether or not the information bit 
contained in the flip-flop will be complemented. 
A true input applied to GA2 will allow an output 
of 1 from the complementer if the flip-flop is in 
the one state. If the flip-flop is in the zero 
state when the complement iniJut is present, 
there will be an output from GA3, indicating a 
binary one. The conditions for a true or a 
complement input are determined by the con¬ 
trol gates for the operation being performed. 

Overflow Detector 

The overflow detector provides an indication 
when the result of an arithmetic operation ex¬ 
ceeds the word length the unit is capable of 
handling. The word length of this sample unit 
is four bits. If the sum of two numbers has 
more than four bits, the overflow detector will 
provide an output which can be used to give and 
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alarm or stop a sequence of operations. The 
logical operation of the overflow detector when 
addition and subtraction are performed by the 
sample unit will be discussed. 

Cycle Counter 

Multiplication and division can be accom¬ 
plished by a sequence of additions. Each step 
in the sequence is called an iteration, and the 
cycle counter keeps track of the number of it¬ 
erations. In the unit shown, the cycle counter 
is a down counter. At the beginning of the mul¬ 
tiplication operation, the counter is set to the 
number of add cycles required to complete the 
operation. At the completion of each add cycle, 
the count in the counter is reduced by one. De¬ 
coded outputs are taken from the counter and 
applied to control gates so that a completed op¬ 
eration will be indicated. Other gates are con¬ 
trolled by the cycle counter during the multiply 
operation (as will be seen in the discussion of 
the logic). 

Timing Pulse Generator 

The timing pulses for this sample arithmetic 
unit are generated by a ring counter synchro¬ 
nized with the basic timing of the computer. 
The counter initiates the transfer shift, clear, 
and other necessary commands in a definite 
order so that the desired arithmetic operation 
is performed. A ring counter is useful here 
because the counter generates only one high 
output at a time from its stages. Each output 
can initiate a separate operation. A four-stage 
ring counter is illustrated in fig. 11-25. 


The timing chart in fig. 11-25 shows that 
flip-flops 1 , 2 , 3, and 4 are set + o the one state 
sequentially. All of the gates shown perform 
the AND function. Initially FF1 is set to the 
one state while 2,3, and 4 are in the zero state. 
The output from the one side of FF1 is fed back 
to the zero input gate of FF1 and forwarded to 
the one input gate of FF2. The first clock pulse 
through these gates sets FF2 to the one state 
and resets FF1 to the zero state. The second 
clock pulse sets FF3 to the one state and resets 
FF2. The third clock pulse sets FF4 and re¬ 
sets FF3. The one output of FF4 is applied to 
the one input gate of FF1, so that the fourth 
clock pulse sets FF1 and resets FF4, complet¬ 
ing the cycle. 

The timing pulse generator used in the sam¬ 
ple unit is shown in fig. 11-26. The counter is 
a ten-stage device used to generate nine pulses, 
numbered tl through t9. The output of the first 
stage is not used. The design of this device al¬ 
lows the use of either a complete sequence ini¬ 
tiated by tl and terminated by t9 or only the 
t6 through t9 portion of the sequence. The 
complete cycle is called a major cycle; the ab¬ 
breviated count, a minor cycle. The gates con¬ 
trolling the major and minor cycles are shown 
in fig. 11-26. The output of FF1 is applied to 
either FF2 or FF7, depending upon whether a 
major-cycle or a minor-cycle control pulse is 
present. If the output of FF1 is applied to FF2, 
the complete count will be generated. If the 
output of FF1 is applied to FF7, the partial 
count will be generated. Minor cycles are used 
for each successive addition or subtraction in 
multiplication and division operations which do 



Figure 11-25.-Four-stage ring counter and timing chart. 
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Figure 11-26. -Timing pulse generator. 
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not require the complete add or subtract se¬ 
quence of operation. 

Instructions 

The sample arithmetic unit has the following 
four instructions: 

1. Transfer-clear. 

2. Add. 

3. Subtract. 


4. Multiply. 

Each instruction is generated by the control 
unit. For the discussion which follows, it will 
be assumed that the computer is a single ad¬ 
dress device in which the instruction word con¬ 
sists of the command and the memory location 
of one number upon which an arithmetic opera¬ 
tion is to be performed. Each of the instruc¬ 
tions will be explained in terms of both the 
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block diagram and the logic. It is impractical 
to show all of the gates required for each op¬ 
eration, but the essential gates are shown. As 
soon as an instruction is given, it is executed 
automatically in the arithmetic unit by the arith¬ 
metic timing pulses. 

Transfer-Clear 

The purpose of this operation is to extract a 
number from the memory and place it in the 
arithmetic unit. Specifically, the number is 
placed in the A register. If the number is pos¬ 
itive, the magnitude bits are transferred to the 
B register in their true form; if it is negative, 
the magnitude bits are transferred to the B 
register complemented. In this computer, the 
most significant bit of the number is the sign 
bit. If the sign bit is zero, the number is pos¬ 
itive; if the sign bit is one, the number is neg¬ 
ative. For example, a plus seven is written 
0111; minus seven is written 1111. 

The reason for placing the contents in the 
B register can be seen by referring to fig. 11- 
23. The two inputs to the adder are the con¬ 
tents of the A register and the contents of the 
M register applied through the complementing 
network. The transfer-clear instruction places 
the first number in the arithmetic unit. When 
an add, subtract, or multiply instruction is 
generated, the second number is extracted 
from the memory and placed in the M register. 
All operations are done by addition. The con¬ 
tents of the B register are transferred to the 
A register to become an adder input. The B 
register is cleared, and the sum or difference 
is transferred back into the B register. If suc¬ 
cessive iterations are required, the transfer 
from the B register to the A register and the 
placing of the adder contents in the B register 
are repeated as many times as required. 

In order to follow the logic of the operational 
steps, refer to fig. 11-27. The transfer-clear 
instruction is essentially an add operation. No 
other number is in the arithmetic unit at this 
time; hence the number extracted from the 
memory is added to 0000, and the sum is placed 
in the B register. The operational steps are 
synchronized to the timing pulses shown in fig. 
11-26, as follows: 

1. At tl time the transfer-clear level is 
generated by the control unit. This portion of 
the operation is not shown. An instruction level 
is a pulse that remains present for the entire 
operational sequence. This level is applied to 
the appropriate gates in the arithmetic unit. 


They will be pointed out as the explanation 
progresses. 

2. At t2 time the add-subtract flip-flop is 
set to the zero state. The transfer-clear level 
is on OR input gate 63. The output of this gate 
is an input to gate 20. When t2 occurs, AND 
gate 20 will set the add-subtract flip-flop to the 
zero state. The t2 pulse is also applied to the 
zero inputs of all the flip-flops in the M regis¬ 
ter, clearing it. This logic is not shown in the 
diagram. 

3. At t3 time, a number is extracted from 
the memory and placed in the M register. The 
logic for this operation is not shown. The ad¬ 
dress of the extracted number is a part of the 
instruction word generated by the control unit. 
When the number is extracted and placed in the 
M register, the sign bit is sampled to deter¬ 
mine the polarity of the number. If the number 
is negative, the magnitude bits are comple¬ 
mented. The sign bit is contained in M4, the 
most significant flip-flop. The one side output 
of M4 is applied to gate 2 of the complementing 
unit CM 4 and the zero output is applied to gate 

1. If flip-flop M4 is in the zero state, there 
will be no output from AND gate 1, since the t2 
pulse has set the add-subtract flip-flop to the 
zero state. Consequently there will be no out¬ 
put from gate 9. If M4 is in the one state (rep¬ 
resenting a negative number), gate 2 will func¬ 
tion, allowing an output from gate 9. The output 
of gate 9 activates gate 61, producing an input 
to gate 62. Gate 62 drives AND gate 65A. The 
other input to gate 65A is high for all instruc¬ 
tions except multiply since it is driven by an 
inverter. The output of gate 65A drives gates 
3, 5, and 7 plus an inverter. The output of the 
inverter is applied to gates 4, 6, and 8. There¬ 
fore, the true level is generated whenever there 
is no output from gate 65A. CMg, CM 2 , and 

CM^ will follow the information in M3, M2, and 

Ml. If there is an output from gate 65A, the 
true sides of the complementing stages will be 
inhibited and the complementing side will be 
activated. The outputs from CMg, CM 2 , and 

CM j are applied to the adders through gates 15, 

16, and 17, which are multiply control gates 
that are enabled by the mul-div control flip- 
flop. Pulse t2 sets this flip-flop to the one 
state. The flip-flop remains in the one state 
during the add and subtract operations. Be¬ 
cause of the presence of the transfer-clear 
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Figure 11-27. —Logical diagram of a parallel arithmetic unit. 
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level at gate 13, gate 14 would be enabled if the 
sign bit were a one. 

4. Pulse t4 is not used during this instruc¬ 
tion. 

5. Pulse t5 is not used during this instruc¬ 
tion. 

6. At t6 time, the sign and magnitude bits 
are transferred from the B register to the A 
register. The t6 pulse is applied to gate 23 
through 26. The transfer-clear level is applied 
to gate 23 through OR gate 22. If any flip-flop 
in the B register contains a one, t6 will trans¬ 
fer it to the associated flip-flop in the A regis¬ 
ter, CC =4, a decoded output from the cycle 
counter, is present when the cycle counter is 
at four. During the transfer-clear operation, 
the cycle counter is at zero, making the output 
of its associated inverter true. Although there 
is no information present in the B register, the 
add process is still performed. The contents 
of the M register are added to all zeros. 

7. At t7, the B register is cleared by OR 
gate 86. 

8. At t8 time the sum outputs of the adders 
are transferred into the B register by way of 
transfer gates 33, 35, 37, and 39. The sum 
outputs of Ad 4 , Ad 3 , Ad 2 , and Ad 1 are applied 

to these gates, respectively. The presence of 
t8 at gate 40 enables these gates to transfer 
the adder bits to the B register. 

9. At t9 time, the A register is cleared and 
the transfer-clear operation is complete. 


tracted from the memory during ADD. The 
magnitude bits in the B register are comple¬ 
mented so that -2 is represented as 1101. The 
number -1 is taken from the memory in its 
true form, 1001, and placed in the M register. 
The sign bit is sensed and found to be a nega¬ 
tive number. The magnitude bits are comple¬ 
mented and passed to the adder. When the B 
register contents are transferred to the A reg¬ 
ister, the inputs to the adder are as follows: 


M register 

complemented 

A register 

(Add the one on the 
left, which is the 
carry) 


1110 = -1 

1101 = -2 
1 1011 

1 end-around- 
carry 


Adder output 


1100 = -3 (magnitude 
bits 
comp) 


The sum, as a result of adding two negative 
numbers, is a negative number. Observe that 
the sum has its magnitude bits complemented, 
as stated in the description of the ADD se¬ 
quence. 

2. It is possible to add a negative and a pos¬ 
itive number. For example, to add +4 and -3, 
the adder inputs are as follows: 


Add 

The operation of the sample unit during the 
add instruction is essentially the same as dur¬ 
ing the transfer-clear operation. The steps in 
both sequences are alike except that the add 
level is generated at tl and the control gates 
that were actuated by the transfer-clear level 
are actuated by the add level. To add, extract 
the number from its storage location and place 
it in the M register. Add this number to the 
number placed in the B register during the 
transfer-clear operation. Store the sum in the 
B register. If the sum is positive, store it in 
its true form; if it is negative, store it with its 
magnitude bits complemented. 

EXAMPLES: 

1. Assume that-1 is to be added to -2. The 
number -2 has been placed in the B register 
during transfer-clear, and the -1 has been ex¬ 


Complementer 

0100 = +4 

output 


A register out¬ 

1100 = -3 

put (comp) 

1 0000 


1 end-around-carry 

Adder output 

0001= +1 


Note that an end-around-carry is shown in 
each example. This operation is incorporated 
in the sample unit. In fig. 11-27 the carry 
output from Ad^ is fed back through gate II to 

Ad^, the least significant digits adder. Gate 18 

is actuated for all except the multiply operation 
by the inverter in its input. The most signifi¬ 
cant digit will not change signs as a result of 
the carry, and the sum will be correct as long 
as the word length capacity is not exceeded. If 
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the word length is exceeded, an overflow indi¬ 
cation will occur. 

OVERFLOW. -An overflow condition exists 
if the sum of two numbers is greater than the 
maximum number that can be held in the reg¬ 
ister-greater than ±7 in the sample unit. The 
possibility of an overflow exists only if two pos¬ 
itive or two negative numbers are added; ad¬ 
dition of one positive and one negative number 
cannot produce an overflow. The condition can 
be recognized readily because when an overflow 
exists the sign of the sum is different from the 
sign of the two numbers that were added. 

EXAMPLES: 

a. +3 = 0011 
+2 = 0010 

0101 sign does not 
change 

b. -3 = 1100 (complemented) 

-2 = 1101 (complemented) 

1 1001 


An overflow flip-flop is shown in fig. 11-27. 
If one of the conditions described by the equa¬ 
tion exists, the flip-flop is set to the one state, 
sound ing an alarm, stopping the program, or 
notifying the operator by some other means 
that the word limit has been exceeded. The 
overflow detector network consists of AND 
gates 64 and 65 plus OR gate 66. Gate 64 is 

activated by XgYgSg and gate 65 by XgYgSg. 
Subtraction 

To subtract, extract a number from the 
memory and place it in the M register. Sub¬ 
tract this number from the number located in 
the B register. Use the same sign notation in 
the subtract operation as in the transfer-clear 
and add operations. The logical operation of 
the complementer during the subtract instruc¬ 
tion is different from the logical operation dur¬ 
ing the add instruction. 

Subtraction is performed by the complement 
and add method. The following examples illus¬ 
trate complementing requirements. 

EXAMPLE 1: Subtract +5 from 0: 


1 end-around- 
_ carry 

1010 (complemented) 

sign does not change 


c. +5 = 0101 


+3 = 0011 

1000 sign changes; 

. . overflow 

d. -5 = 1010 (complemented) 


0 = 0000 
-(+)5 = 0101 
-5 


0000 

complement sign and 
magnitude of subtra- 1010 
hend and add. 

1010 


In the above example both the sign and mag¬ 
nitude of the subtrahend were complemented so 
that the result in signed mangitude notation is 
-5 (1010). This number is then stored in the B 
register consistent with the form of the sample 
unit. 


-3 = 1100 (complemented) 

1 0110 

1 end-around-carry 

0111 (complemented) 

sign changes . *. overflow 


EXAMPLE 2: Subtract -5 from 0: 
0 = 0000 

-(-)5 = 1101 complement sign of 

- subtrahend 

+5 


0000 

0101 

0101 = +5 


From the examples shown, it is apparent 
that the equation for an overflow condition is 

XgYgSg + XgYgSg = OVF. Xg and Y g are the 

sign bits of the augend and addend; and S g , the 

sign bit of the sum. 


In this example only the sign bit was com¬ 
plemented to indicate +5. The basic conditions 
and rules of subtraction for the sample unit 
are: 

1. The minuend is in the B register as a re¬ 
sult of a previous operation. 
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2. The subtrahend is extracted from the 
memory and applied to the adder by way of the 
M register and the complementer. 

3. If the subtrahend is a positive number, 
both sign and magnitude are complemented. 

4. If the subtrahend is a negative number, 
only the sign bit is complemented. 

The subtract sequence with respect to tim¬ 
ing pulses and the logic in fig. 11-23 are as 
follows: 

1. At tl time, the subtract level is gener¬ 
ated and applied to the proper gates. 

2. At t2 time, the add-sub flip-flop is set to 
the zero state. The M register is cleared. 

3. At t3 time, the subtrahend is entered into 
the M register from the memory. 

4. At t4 time, the add-sub flip-flop is set to 
the one state. The one-side output of the flip- 
flop is applied to the zero input gate of the sign 
complementer CM^, thereby complementing 

the sign bit of the number in the M register. 

Assume that the number in the M register 
is -3 (1011). According to rule four, only the 
sign bit is complemented. There is no output 
from the complementer (CM^) at this time, 

indicating a zero. Since there is no output from 
the sign complementer, there is no output from 
the magnitude complement control gate 62; and 
the magnitude bits remain in their true form. 

If the number in the M register is positive, 
CM^ will complement the sign, giving an output 

from gate 9 which, in turn, will complement the 
magnitude bits via gates 62 and 65. 

5. At t5, no operation occurs. 

6. At t6, the sign and magnitude bits are 
transferred from the B register to the A reg¬ 
ister. 

7. At t7 time, the B register is cleared and 
overflow is sensed. 

8. At t8 time, the contents of the adder are 
transferred to the B register through gates 33, 
35, 37, and 39. 

9. At t9 the A register is cleared by OR 
gate 21. 

Overflow occurs during subtraction when the 
absolute magnitude sum of a positive and a 
negative number exceeds the word length of the 
sample unit. The overflow conditions that ap¬ 
ply to addition also apply to subtraction. 

The conditions are again x q Y 8 A 8 + X 8 Y 8 A 8 = 
overflow (OVF), where Xg and Yg are the sign 


bits of the subtrahend and minuend, respectively, 

and A is the sign bit of the adders output, 
o 

Multiplication 

Although multiplication of binary numbers is 
quite simple with pencil and paper, it is very 
difficult to mechanize in a computer. Most dig¬ 
ital computers multiply by means of the accu¬ 
mulator method. In this method the multipli¬ 
cand is added if the multiplier digit is a one; 
but if the multiplier digit is a zero, no addition 
is performed. The accumulated sum is shifted 
right one time for each order of the multiplier. 
The product is formed as a result of repeated 
additions. 

An accumulator unit consists of an adder 
unit and a register. In the sample unit, the B 
and C registers are the accumulator registers 
for the multiplication operation. Assume that 
0110 is to be multiplied by 0101. The multipli¬ 
cand 0110 is contained in the M register, and 
the multiplier 0101 is contained in the C regis¬ 
ter. The multiplier bits are shifted out of the 
C register, and the product that is the result of 
accumulated additions is held in the B and C 
registers. The contents of the B and C regis¬ 
ters as the multiplication process progresses 
are shown in table 11-1. The M register is not 
shown. 

Initially the B register is reset to zero, and 
the multiplier is contained in the C register. 
The least significant bit of the multiplier is 
sensed to determine whether addition should 
occur. After each sense and add sequence, the 
contents of the B and C registers are shifted 
right one place. The LSB in the C register is 
lost at each shift. This is of no consequence 
since this bit has been used. After the last bit 
of the multiplier has been sensed and the shift 
operation has been performed, the product is 
contained in the B and C registers. 

The data flow can be followed in fig. 11-27. 
The bits in the most significant positions of the 
two numbers are the sign bits. To determine 
whether the product is a positive or negative 
number, the sign bits alone are added. If a 
negative and a positive number are multiplied, 
the sum of the sign bits will be one, indicating 
a negative number. If two negative or two posi¬ 
tive numbers are added, the sum placed in the 
B register will be zero, which indicates a posi¬ 
tive product. The result is stored in the most 
significant position of the B register. After 
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Table 11-1.—Sequence of operations 
during multiplication. 



Register 



B 

C 


Initial 

0000 

0101 


Add 0110 

0110 

0101 


Shift right 

0011 

0010 


Add 0000 

0011 

0010 


Shift right 

0001 

1001 


Add 0110 

0111 

1001 


Shift right 

0011 

1100 


Add 0000 

0011 

1100 


Shift right 

0001 

1110 

= correct 
product 


this initial addition, the most significant posi¬ 
tion of the B register is no longer used. Only 
the magnitude bits that are accumulated in the 
B register are added. 

In general the following steps are involved 
in the multiplication process: 

1. Transfer the multiplicand out of the 
memory into the M register. 

2. Transfer both the sign and magnitude bits 
of the B register to the C register. Transfer 
the sign bit of the B register to the A register. 

3. Add the sign bit of the M register to the 
sign bit of the B register. Store the sum in the 
most significant bit position of the B register. 

4. Sense the least significant bit of the C 
register; if it is a one, add the magnitude bits 
of the M register to the magnitude bits of the 
B register. The contents shifted right one 
place are transferred from the adders to the 
B register. The least significant bit of the 
adder Ad^ is placed in D^. The contents of the 

C register are shifted right one place to the D 
register and then transferred back into the C 
register. 


5. The LSB of the C register is again 
sensed and the cycle is repeated. The mechan¬ 
ics for addition are carried out each time even 
if the multiplier is a zero. In that case, the 
contents of the M register are prevented from 
being applied to the adder; hence the magnitude 
bits of the B register are added to zero. The 
add and shift sequence is repeated until all mul¬ 
tiplier bits have been sensed. This is con¬ 
trolled by the cycle counter. 

The multiply sequence with reference to the 
timing pulses is as follows: 

Sequence 1 

1. At tl time, the multiply level is gener¬ 
ated. 

2. At t2 time, the multiple control flip-flop 
is set to the zero state by gate 54. The cycle 
counter is set to four (logic not shown). The 
cycle counter is a down-counter used to keep 
track of the number of add sequences the com¬ 
puter must perform. Since the multiplier in 
this problem has four digits, four add sequences 
must be performed. 

3. At t3 time, the multiplicand is trans¬ 
ferred from the memory to the M register. 
This logic is not shown. 

4. At t4 time no operations occur. 

5. At t5 time no operations occur. 

6. At t6 time the sign bit is transferred 
from the B register to the A register by gate 
23. Both sign and magnitude bits are trans¬ 
ferred to the C register by the B to C transfer 
gates. This count of four is decoded from the 
cycle counter and is applied to gate 22 in the B 
to A transfer network. The inverted cycle 
counter signal is applied to gates 83, 84, and 
85, inhibiting the transfer of the B register 
magnitude bits to the A transfer when t6 occurs. 
The t6 pulse resets the add-sub flip-flop to the 
zero state. The presence of CC = 4 at gate 13 
activates gate 14, allowing the MSB of the M 
register to be applied to the adder. If both sign 
bits are ones, the "end around carry” to the 
LSB of the adder is prevented by the presence 
of the multiply level at gate 18. The magnitude 
bits of the M register are not applied to the 
adder because the multiply control flip-flop is 
in the zero state. 

7. At t7 time, the B and D registers are 
cleared by gate 86. The least significant bit in 
the C register is sensed. This is the first mul¬ 
tiplier digit. If the LSB is a one, the magnitude 
bits of the M register are applied to the adder. 
The one side output of Cl is applied to gate 56 
along with t7, switching it on. Its output, in 
turn, switches the multiply control flip-flop to 
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the one state via gate 58. Gates 15, 16, and 17 
are activated, allowing the magnitude bits of 
the M register to be transferred to the adder. 
If the LSB of the C register is a zero, the mul¬ 
tiply flip-flop will continue to inhibit the inputs 
to the adder from the M register. 

8. At t8 time, the sign bit from the adder is 
transferred into B4 by activating gate 41. The 
sum magnitude bits are transferred into the B 
register shifted one place to the right. 

The multiply level at gate 41 allows trans¬ 
fer pulse t8 to pass. The output of Ad^ is ap¬ 
plied to gates 32, 33, and 34. The count of four 
in the cycle counter enables gate 32 if the sign 
bit is a one. Gate 33 is inhibited by gate 40, and 
gate 34 is inhibited by the inverted CC = 4 pulse. 
Thus, the sign bit is transferred into B4. 

The output of Ad_ is applied to B2 through 

O 

gate 36; Adg is applied to B1 through gate 38, 
and Ad^ is applied to D4 through gate 50. The 

magnitude bits are therefore transferred from 
the adder, shifted right one place and the LSB 
is the MSB of the D register. 

The enabled output of gate 41 also activates 
gates 51, 52, and 53. These gates allow the 
C4, C3, and C2 flip-flops to shift their bits one 
place to the right into the D register. 

9. At t8 time, a delayed t8 pulse clears the 
C register. 

10. At t9 time, the contents of the D register 
are transferred, unshifted, into the C register. 
This is done by activating gates 46, 47, 48, and 
49. The A register is cleared by gate 21. The 
cycle counter is stepped from a count of four to 
a count of three, completing one add-and-shift 
sequence. 

Sequence 2 

Only a part of the sequence has to be re¬ 
peated to sense the next multiplier digit. The 
ring counter starts counting at t6 utilizing the 
"minor cycle. " Although not shown, the minor 
cycle level is controlled by the cycle counter, 
which will initiate a minor cycle as long as it 
does not contain a count of four or zero. The 
minor cycle operation is as follows: 

1. At t6 time, the magnitude bits of the B 
register are transferred to the A register. The 
absence of CC = 4 uninhibits gates 83, 84, and 
85, and prevents the transfer of the B register 
bits to the C register as was done in sequence 
one to obtain the initial multiplier. Gate 78 is 
blocked, inhibiting gates 79, 80, 81, and 82. 

2. At t7 time, Cl is sensed. If it is a zero, 
the multiply flip-flop is reset to zero. The 


magnitude bits in the M register are removed 
from the adder inputs since gates 15, 16, and 
17 are no longer enabled. Gate 14 prevents the 
sign bit M4 from entering the adder. If C1 is a 
one, the conditions are the same as they were 
in sequence 1. 

3. At t8 time, the transfer-shift operation 
is performed. Since the cycle counter does not 
have a count of four, the sign bit in Ad 4 is 

shifted right one place into B3 by the activated 
gate 34. The adder’s magnitude bits are shifted 
right into the B and D registers as previously 
described. The contents of the C register are 
transferred and shifted right into D. 

4. At t8 D time, the delayed t8 pulse clears 

the C register. 

5. At t9 time, the contents of the D register 
are transferred to the C register. The cycle 
counter is stepped to two, completing sequence 
two. 

Sequence 3 

The minor cycle is again repeated for the 
third multiplier digit. The contents of Cl is 
sensed. If it is a one, the magnitude bits of the 
M register are added to the contents of the B 
register and a shift is performed. If Cl is a 
zero, the contents of the B register are added 
to zero and a shift is performed. The various 
transfer functions are then performed and the 
cycle counter is set to one, completing sequence 
three. 

Sequence 4 

The three magnitude bits of the multiplier 
were sensed and shifted in the first three se¬ 
quences. In sequence four, the bit contained in 
Cl is the sign bit of the multiplier. It was orig¬ 
inally placed in C4. The sign bit of the multi¬ 
plier should not be considered as a multiplying 
digit. The CC = 1 input blocks gate 56 and ac¬ 
tivates gate 55 at t7 time, setting the multiply 
control flip-flop to the zero state and inhibiting 
gates 15, 16, and 17. Therefore, the contents 
of the M register cannot be added to the bits in 
the B register during CC = 1. The last trans¬ 
fer-shift cycle is then performed, producing 
the correct product in the B and C registers. 

MULTIPLICATION OF NEGATIVE NUM¬ 
BERS. -The logical diagram does not show all 
the gates that are needed to multiply by a nega¬ 
tive number. If the multiplier originally con¬ 
tained in the B register were a negative num¬ 
ber, the magnitude bits would be complemented. 
They would have to be changed to their true 
form before being sent to the C register. 
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ROUNDOFF.-The word length of the prod¬ 
uct frequently exceeds the capability of the ma¬ 
chine. When it does, a round-off procedure is 
generally used, and only the bits in the B reg¬ 
ister are retained since they are the most sig¬ 
nificant digits. If the bits in the C register are 
1000 or more, a one is added to the least sig¬ 
nificant bit in the B register. It must be re¬ 
membered that a practical computer has a word 
length much longer than four bits. Therefore, 
the bits lost during roundoff in a practical com¬ 
puter have much less significance than those in 
this sample machine. 

Division 

As mentioned in the introduction, division is 
not performed in this sample machine. The 
number of additional elements required make 
showing the divide operation impractical. An 
examination of the division process will show 
the requirements of the arithmetic unit. 

Binary division can be done by using the 
longhand method in the same manner as deci¬ 
mal division, as shown in the example below: 

Decimal Binary 

3 11 


nr 

100 11100 

12 

100 

0 

100 


100 


0 

In both the decimal and binary systems, di¬ 
vision can also be performed by successive 
subtractions. The total number of subtractions 
required is the quotient. 


Binary 

1100 
- 100 

1000 1st subtraction 
- 100 

100 2nd subtraction 
- 100 

0 3rd subtraction 

The mechanized process combines charac¬ 
teristics of both these methods. In binary 
division: 

1. Each time a subtraction leaves a posi¬ 
tive remainder, a one is placed in the quotient. 

2. Each time a subtraction leaves a nega¬ 
tive remainder, a zero is placed in the quotient. 

3. The remainder is shifted left one place 
with respect to the divisor after each subtrac¬ 
tion. 

Using these rules, the solution of the sam¬ 


ple problem is as follows: 

Dividend 1100 

Divisor 100 

Remainder 0100 

1st quotient bit 1 

Shift remainder 1000 

left 

Divisor 100 

Remainder 0 

2nd quotient bit 1 


Decimal 

12 

- 4 

8 1st subtraction 

- 4 

4 2nd subtraction 

- 4 

0 3rd subtraction 


Therefore, the total quotient would be 11. A 
comparison of this method and longhand divi¬ 
sion shows that the relative positions of the di¬ 
visor and the dividend are the same. In the 
longhand method, 100 is first divided into 110 
(the three most significant bits in the dividend). 
In the successive subtraction method, 100 is 
subtracted first from the three most significant 
digits since they are divisible by 100. Since 
the divisor is smaller in value than the first 
three digits, the first quotient bit is a one. 

In the longhand method, the remainder as a 
result of the first subtraction is 10, and the 
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next dividend digit is brought down so that the 
new remainder is 100. The divisor is divided 
into this remainder, and the result is one. In 
the successive subtraction method, the same 
relative positions of the divisor and remainder 
must be maintained in the computer. Hence, 
the remainder is shifted left one place before 
the next subtraction is performed. Since the 
divisor is not larger than the remainder, the 
second quotient bit is one. 

In the previous example no zero was gener¬ 
ated in the quotient. The following case will 
illustrate what steps are taken to generate a 
zero. Divide 45 by 9 using the longhand 
method. 

101 


1001 HOOllOl 
1001 
1001 
1001 


Bringing down the next digit will result in a 
remainder that is smaller than the divisor, 
calling for a zero to be placed in the quotient. 

The successive subtraction method on the 
same problem results in the following: 


Dividend 101101 

Subdivisor 1001 


Remainder 001001 

1st quotient bit 1 

Shift remainder left 010010 

Subdivisor 1001 


101110 

2nd quotient bit 0 

Restore-add 101110 

1001 

010010 

Shift remainder left 100100 


Subdivisor 1001 

0 

3rd quotient bit 1 


Again the total quotient is 101. 


The result of the first subtraction is a po¬ 
sitive number. The remainder is shifted left 
one place, but is still smaller than the divisor. 
After the subtraction is performed, a negative 
remainder results. The computer detects this 


by noting that the MSD will require a borrow. 
This excess borrow is called an "overdraw.” 

When an improper subtraction is performed, 
the remainder must be restored to its original 
value before the next operation. This is done 
by adding the divisor to the remainder before 
the next shift occurs. This is called a restore- 
add operation. 


Division Mechanization Problems 

Three mechanization problems arise in 
division operations: determining the correct 
position of the divisor with respect to the divi¬ 
dend, detecting an overdraw, and storing the 
quotient. 

The initial problem is to determine the 
correct position of the divisor with respect to 
the dividend. If a binary 25 were divided by a 
binary 5, the relative positions would be: 

11001 

101 

However, if the divisor were a binary 7, the 
positions would have to be: 

11001 

0111 

One method of solving this problem is to 
aline the most significant bits of the dividend 
and the divisor; then subtract. If an overdraw 
occurs in this initial subtraction, the relative 
positions are incorrect, and an additional order 
of the divisor must be used. 

To obtain the proper order, a restore-add 
operation is performed, shifting the divisor one 
place to the right. Subtraction is then repeated. 
If no overdraw occurs, the order is correct. 

Detecting an overdraw is the second prob¬ 
lem. Subtraction is usually done by comple¬ 
menting and adding. Whenever the subtrahend 
is smaller than the minuend, an end-around- 
carry develops when the subtrahend is comple¬ 
mented and added to the minuend. No carry 
develops if the minuend is smaller. When there 
is no end-around-carry, an overdraw has oc¬ 
curred. 

In figure 11-28, a carry allows an over¬ 
draw control flip-flop to be set to the one-state 
when a sample pulse occurs. The absence of a 
carry allows the flip-flop to be reset to the zero 
state. The state of the flip-flop determines 
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END AROUND CARRY 



Figure 11-28. -Overdraw detect network. 
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whether the following sequence is to be a sub¬ 
tract sequence or a restore-add sequence. 

A third problem is the storage of quotients. 
The quotient bits can be stored in a shift regis¬ 
ter. A quotient sampling pulse will allow a one 
to be placed in the least significant position of 
the shift register if the overdraw flip-flop is in 
the one state as a result of a successful sub¬ 
traction. A subsequent shift pulse will place 
the bit in the next position of the register and 
the cycle is ready to start again. 

In the problem above, the final remainder 
was always zero. In a practical problem this 
is rarely the case. The division process is re¬ 
peated as many times as necessary on the re- 
maiaders to the right of the binary point to 
produce the desired accuracy, limited, of 
course, by the bit handling capacity of the par¬ 
ticular unit being used. 

Ballistics Computer 
Square Root Operation 

The square root of a radicand is deter¬ 
mined one bit at a time by a process of compa¬ 
risons and subtractions. Each comparison 
produces a remainder upon which the subse¬ 
quent comparison is based. Subtractions are 
performed by the one’s complement method 
with the addition of a one to this result in the 
least significant bit position to produce subtrac¬ 
tion by the addition of the two's complement. 
The root is built up in the quantity being sub¬ 
tracted from successive remainders. Since 
the subtrac tion is done by the complement 
method, the answer is also complemented and 
requires conversion to be placed in its proper 
form. 


In computing the first digit, the first step is 
doubling the radicand and subtracting from it 
one-half to obtain a remainder. This is the 
same as determining if the square root of the 
radicand is equal to or greater than one-half. 
When the remainder is positive, the first digit 
is a one, this remainder is stored and a one- 
half is also stored in the quantity being sub¬ 
tracted from successive remainders. When 
the remainder is negative, the first digit of the 
root is a zero, the result of the subtraction is 
not stored, and one-half is not stored in the 
quantity being subtracted from successive re¬ 
mainders. In this case, the remainder ob¬ 
tained is simply twice the radicand. To com¬ 
pute the second digit, a similar comparison is 
made with respect to twice the remainder. As 
the third and each succeeding digit is computed, 
the previous remainder is doubled, a subtrac¬ 
tion is made, and the sign of the result of the 
subtraction is determined. The subtraction is 
stored if the result is positive and is not stored 
if the result is negative. When the result of the 
subtraction is negative, twice the preceding re¬ 
mainder is stored. The stored result is the 
new remainder. At the end of the word-time 
during which the root is extracted, the root is 
present in its one's complement form with a 
one in the least significant bit position. When 
this quantity is inverted, the result is the root 
in true binary. 

To compute, for example, the square root 
of radicand 0. 01000: 

1. Double the radicand by shifting it left 
one bit position: 

0.10000 
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2. 1 Subtract one-half from result obtained 
in step one by adding the one’s complement of 
one-half with an LSB one digit carry to form 
the two's complement: 

0.10000 = 1/2 

1.01111 = - 1/2 
1 


0.00000 

3. Since the sign bit from step two is zero, 
store 0.00000 as Rl. 

To compute the second digit of the root of 
0.010000: 

1. Subtract 5/8 from Ri by adding the one’s 
complement of 5/8 with an LSB one digit carry 
to form the two’s complement: 

0.00000 

1.01011 = -5/8 

_ 1 _ 

1.01100 

2. Since the sign bit of step one is one, 
store 0.00000 as R 2 . 

To compute the third digit of the root of 
0.010000: 

1. Double the previous remainder (Rg) by 
shifting it left one bit: 

0.0000 

2. Subtract 9/16 from result obtained in 
step one by adding the one’s complement of 
9/16 with an LSB one digit carry to form the 
two’s complement: 

0.0000 

1.0110 = -9/16 
1 


1.0111 


The root is stored in the quantity being sub¬ 
tracted from previous remainders and is in its 
one's complement form. Also, the last digit of 
the number being subtracted is always set to 
one. This results in an answer correct to one 
less significant digit than there are number 
digits used or, in the computer, 18 minus 1 (or 
17). In this example, the number being sub¬ 
tracted becomes 1.0111. The root is obtained 


by complementing 1.0111, which is 0.1000. 
Thus, the square root of 0.01000 is 0.1000 (the 
square root of 1/4 is 1/2). 

INPUT UNIT 

The input section translates input informa¬ 
tion into the digital form suitable for process¬ 
ing by the arithmetic unit. It also delivers 
necessary signals to the control and output 
groups to accomplish display functions. 

Inputs in the form of shaft positions and 
voltages are periodically sampled in accord¬ 
ance with the internally stored program. The 
analog inputs are obtained from 13-bit shaft 
encoders and from data-link pulse trains. 

The input unit assures the arrival of input 
data from the sensors at the predetermined 
destination at the precise time necessary to 
permit the solution of a particular set of equa¬ 
tions. Basic computer inputs come from the 
shaft position encoders, the keyboard, analog- 
to-digital converters, the six-word buffer, and 
ballistic constants. 

Keyboard Inputs 

The keyboard enables the B/N to enter nu¬ 
merical data into the computer. The keyboard 
control panel was discussed earlier in the 
chapter under input controls. 

Analog-to-Digital Converter 

The analog-to-digital converter converts 
six analog voltages to equivalent nine-bit binary 
numbers, plus a sign bit. The inputs are d-c 
analog voltages ranging from -5 to 0 volts. A 
0-volt input produces a maximum positive bi¬ 
nary number: a -2. 5-volt input produces a bi¬ 
nary zero; and a -5-volt input produces the 
maximum negative binary number. 

Six Word Buffers 

The six words of the buffer occur sequen¬ 
tially, each word appearing 25 times per drum 
revolution. The words are, in order of appear¬ 
ance: starboard doppler, port doppler, time 
word, intervalometer, extrapolator, and tape 
control. 

Shaft Position Encoders 

Shaft position encoders are electromecha¬ 
nical devices used to generate a binary number 
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representing the angular position of an attached 
shaft. This encoder shaft is usually connected 
to the shaft of a motor or potentiometer via a 
gear train. The basic element of the shaft en¬ 
coder is an encoder disk; these were briefly 
discussed earlier in the chapter. The encoder 
disk contains concentric bands having segments 
of conducting and nonconducting material, ar¬ 
ranged in a binary-coded pattern. (See fig. 11- 
6 .) 

ENCODER SELECTION.-There are a total 
of 25 inputs to the computer that are classified 
as encoder inputs. Five of these 25 inputs are 
servo-driven encoders. The servos are driven 
by various types of analog voltages originating 
in different subsystems of the A6-A aircraft. 
Six of the 25 inputs are binary switches, 7 bits 
per set. Each switch, however, is scanned by 
the computer as if it were an encoder. The 
remaining 14 encoder inputs, (13 added for ef- 
fectivityA). are encoders located throughtout 
the aircraft. All of the inputs are applied to an 
input encoder junction box, internal to the com¬ 
puter. The junction box provides the necessary 
isolation among all the inputs to the junction 
box. The wires from the junction box are con¬ 
nected to the computer and scanned every word 
time. The voltages on these output lines from 
the junction box depend on the position of the 
encoder selected by the computer. 

OUTPUT UNIT 

The output unit converts selected informa¬ 
tion from digital to analog form and generates 
servo signals, analog voltages, and discrete 
signals. Output signals also control illumina¬ 
tion of indicator and alphanumeric displays 
which reflect ballistics computer operating 
conditions and solutions. These outputs are 
controlled by computed results obtained pri¬ 
marily from the SA and MADSU. 

Servo, analog, and discrete output informa¬ 
tion is stored on an output buffer. Information 
recorded on an output addressing track controls 
the conversion of output buffer data into suit¬ 
able output form. This track selects the con¬ 
version circuit corresponding to the destination 
of output buffer data. Servo output circuits 
generate and control the generation of servo 
signals, while digital to analog circuits convert 
digital information into analog voltage form. 
Discrete signals are generated as outputs from 
current-switching circuits to control on-off 
functions for relatively long periods with re¬ 
spect to computer iteration time. These sig¬ 


nals control the appearance of visual markers 
on display devices, open and close control cir¬ 
cuits, control the illumination of indicators, 
and are used as signals of computer operation. 

Alphanumeric displays in the form of tape 
assemblies (tape displays) are controlled by a 
tape display addressing track on the memory 
drum. Tape data can be obtained either from 
the MADSU or the keyboard. 

PROGRAMING 

A digital computer can add or subtract al¬ 
most indefinitely, and with lightning speed. 
For this speed to produce meaningful results, 
the computer must be supplied with complete 
instructions, including what, when, where, and 
why, before each operation. The speed, accu¬ 
racy, and versatility of the computers are de¬ 
termined by the type of instructions provided 
and the manner in which they are given. 

The last portion of this chapter is roughly 
titled Programing; roughly, because program¬ 
ing is technically only one part of preparing a 
problems for solution by a computer. Actually 
there are four major steps as shown in fig. 11- 
29 numerical analysis, programing, coding, 
and checking. These jobs are frequently re¬ 
ferred to collectively as programing. 

NUMERICAL ANALYSIS 

Essentially, numerical analysis is the first 
step-the definition, in proper mathematical 
terms, of the problem to be solved. It is the 
science, or frequently the art, of reducing real 
problems into terms, quantities, and equations 
that a digital computer can accept. In all but 
the simplest problems, extensive numerical 
analysis may be required before the program 
can be written. How does one represent an in¬ 
tegral or differential, a cosine, or a quality ? 
Numerical tricks, approximations, and even 
arbitrary values must be used in order to trans¬ 
late these concepts into the individual numeri¬ 
cal values required by the computer. 

PROGRAMING 

Normally problems are too long and too 
complex to encode directly from the mathema¬ 
tical analysis. Programing provides the short¬ 
hand, or guide, which makes it possible to 
translate the mathematical operations,into the 
step-by-step operations required by the spec¬ 
ific computer to be used. Programing is pri¬ 
marily the task of drawing flow charts, or 
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[NUMERICAL ANALYSIS 

Problem: Determination of position 


* 


p = f r + bt + p 0 . 



a = acceleration 

b = velocity 

P 0 = position at t = 0 


PROGRAMING 








mult, t 


mult, t 





V 


Figure 11-29. -Four steps of programing. 
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CODING 

! 



: 

INST. NO. 

INSTRUCTION 


1 

Read in a/ 2 


2 

Multiply by t 


3 

Add b 


4 

Multiply by t 


5 

AddP 0 


6 

Read out 


.1 

D 

CHECKING | 



INST. NO, 



1 

a 

2 


2 

f 1 


3 

-j-1 b 


4 

y t 2 + bt 


5 

T t 2 + bt + P Q 

> 

1 P = f t 2 + bt = P Q | 
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block diagrams, and planning memory alloca¬ 
tions. 

A flow chart (fig. 11-30), essentially an an¬ 
notated block diagram, is an organizational 
convenience. In addition to depicting the over¬ 
all system logic, it shows the sequence of logic 
operations, the result of each choice, and the 
time and entrance point of all new data. 

Although it is intended principally as an aid 
in writing the computer code, the flow chart is 
also an excellent troubleshooting and testing 


keeping operation: each address, each digit, 
and every single command must be correct. 

The coder, unlike the man who writes the 
flow chart, needs little knowledge of mathe¬ 
matics; he does not even need to understand 
computers. The only absolute requirement 
is that he adhere inflexibly to the rules as 
established by the design of the computer. 
Generally, in transferring from one type or 
model of computer to another, the coder 
must learn a new set of rules, a new lan¬ 
guage, or a new code. 



b 

d 



Figure 11-30. -Flow chart: determination of sine and cosine. 
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device. It has symbols to describe the various 
functions to be performed, to indicate a logical 
choice or optional sequence, and to show when 
a sequence is changed by new or modifying in¬ 
structions. Additional symbols and conventions 
are generally used to simplify the diagram and 
to make it a more complete instrument for aid¬ 
ing the man writing the code. These symbols 
are not standard, but they are consistent in a 
given set of charts. Their sole purpose is to 
transfer information from the designer to the 
coder or other users of the computer. 


CODING 

Coding is the step-by-step transformation 
of the problem, as mapped out by the flow 
chart, into a final program written in the 
language of a particular computer. Coding 
is essentially a painstakingly precise book- 


CHECKING 

Checking, or verifying, is the final step 
in what might be called the training of a 
computer. It is frequently performed auto¬ 
matically. The sole purpose of this step is 
to insure that the coder has made no errors. 
The program prepared by the coder may be 
stored internally or externally. Storage 
will be semipermanent or permanent de¬ 
pending upon the purpose and application of 
the computer. 

SAMPLE PROBLEM 

The following example represents a sim¬ 
ple subroutine in a single address computer. 
This example was selected because it is 
farily short and quite representative of one 
method of coding. 
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The problem is to determine the sine and 
cosine of an angle which is supplied to the 
computer in binary form. The first step of 
the subroutine will arbitrarily be called step 
one, although the subroutine could appear 
anywhere in the complete program. If it 
had to be moved, moving it would be a sim¬ 
ple matter of renumbering each step, being 
certain to maintain the proper sequence. 

The operations and operation codes, not 
addresses, used in this computer are list¬ 
ed in table 11-2. (For this computer, an 
address is defined only in connection with 
an operation; for instance, address 8 with 
operation 06 means "transfer the contents 
of the accumulator (AC) to memory register 
(mr) four"; and address 8 with operation 07 
means "read input data at address 8 into the 
input register (IR)." Address 8 is not used 
with any other operation.) 

This particular system is very useful in 
developing a high speed special purpose com¬ 
puter; however, changing an address-opera¬ 
tion combination requires a physical modifi¬ 
cation of the computer. 

Now, with the addresses and instructions 
given and the flow chart as shown, the actual 
program is ready to be written. The first 
step, read in angle theta, will be arbitrari¬ 
ly numbered instruction one. Remember, as 
stated above, it could appear anywhere in the 
program. 

For the next instruction, compare theta 
against 90°, it may be necessary to supply the 
90° as another input or it may be moved into 
the register from storage in memory. In a 
special purpose computer the digital represen¬ 
tation for 90° can be easily stored; the method 
of representation depends on the computer. 
Assuming that the angle theta is represented 
by a seven-bit binary number in which the most 
significant digit represents 180° and the least 
significant bit represents 2. 8 , if a 1 is sup¬ 
plied to only the second most significant digit 
position (0100000), the effective angle input 
will be 90°. 

Since both of the angles involved are posi¬ 
tive, the compare operations simply supplies 
the difference to the accumulator. If theta 
is greater than 90°, the sign will be posi¬ 
tive; it it is less than 90°, it will be nega¬ 
tive. 

Rather than go through an extensive writing 
process, the coder, or programer, uses a 
tabular bookkeeping form which varies the type 
of computer and the code being used. 


Table 11-2 .-Code table. 


Operation 

code 

Operation 

01 

Add 

(AC) +(rar) AC 

02 

Subtract 

(AC) - (mr) AC 

03 

Multiply 

(mr) • M/DR AC 

04 

Divide 

(mr) + M/DR AC 

05 

Compare 

if (AC) s (mr), sign AC = + 
if (AC) ^ (mr), sign AC = - 
if sign of (AC) = + and sign of 
(mr) = +, AC - mr AC 

06 

Serial transfer 

AC mr 

or 

mr AC 

07 

Read in 
in IR 

08 

Read out 

AC OR 

09 

Conditional jump 
if sign AC = -, J PR 

10 

Conditional jump 
if AC = 0, J PR 

11 

Unconditional jump 

J PR 

12 

Enter subroutine 

PR TPR, J PR 

13 

Exit subroutine 

TPR + 1 PR 

14 

Read into memory register 

K(i) -*«- mr 

15 

Recycle/stop 

J PR 
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Since this example is to be coded for a 
special purpose computer, it is permissible 
to take a few short cuts: addresses .will be 
wired in; input and output connections will 
be permanent; and all data concerning type 
of quantity and units of measure will be 
"remembered" by location. Thus for a 
particular operation and address combination, 
the digital shaft encoder (or other angular 
indicating device) automatically supplies the 
angle theta to the accumulator at the proper 
time. 

In the single address code, as shown in 
table 11-3 the operation specifies the quanti¬ 
ty or quantities and the method of com¬ 
bination. The address tells where the re¬ 
sult is to go. For example, instructions 
three says to subtract the absolute value of 
the contents of the input register from the 
contents of the accumulator. It further 
states that if both values were positive 
(which they must be in this case), the re¬ 
sult will carry a positive sign if, and 
only, if, the magnitude of the accumulator 
value is greater than that in the input regis¬ 
ter. 


Table 11-3.—Sample coding sheet. 


Instruc- 

Code 

Operation 

tion 

Oper 

Add 

1 

08 

08 

8 1R 

2 

06 

10 

1R AC 

3 

05 

10 

/AC/-/IR/ AC 

4 

11 


AC = -? Jump to 
step 15 


This single address code thus gives: 

1. The first quantity. 

2. The operation to be performed. 

3. The second quantity. 

4. The directions for storage or use of 
the result of the operation. 

Its advantages are speed and simplicity 
-one instruction per operation. Building 
such devices becomes progressively more 


difficult as the number of operations, in¬ 
structions, or addresses is permitted to in¬ 
crease, since each permissible combination 
of quantities, storage addresses, and func¬ 
tional operations must have a different opera¬ 
tion and address code. The instruction itself 
may contain the code. In other words, the 
binary representation of the instruction may 
be wired to connect and operate the proper 
gates. 

The coder need not worry about these 
items, his code books enable him to write 
the code directly from the flow chart. Thus 
he reads in theta, then compares it against 
90° (0100000), which may have been stored 
in one of the memory registers permanently, 
or temporarily, as part of this subprogram. 
In step three, compare, it has been assumed 
that the constant was already available. The 
compare function is permitted against 
any of the memory registers. Step four, 
the conditional jump, is represented by the 
decision box in the flow chart, while step 
three is represented by the contents of the 
box. Therefore, four means: if the result 
of step three is positive, proceed to the next 
step; if the result is negative, skip (jump) 
to step number-. Ordinarily the coder will 
fill in the number of this step when he com¬ 
pletes the program and determines where in 
the sequence the particular step appears. 

When the code has been completed and 
checked for accuracy and consistency, the 
program is ready to be wired in. After this 
has been done, any change of operation or 
sequence will necessitate modifying the com¬ 
puter. 

If the problem discussed were prepared 
for solution by another type of computer, it 
might be programed in an entirely different 
manner. It is entirely conceivable that com¬ 
plete sine and cosine tables might be stored 
directly in memory, eliminating the need for 
this subprogram. It is more likely that in 
another computer, inputs would be supplied 
in terms of the sine and cosine of angle 
theta rather than the angle itself, again eli¬ 
minating the need for this subprogram. 

The previous discussion covers a tremend¬ 
ously simplified view of the total programming 
problem. To design, build, and program a 
military digital computer requires attacking 
the design problem on all fronts at once: 
how many specific equations are to be solved, 
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how many and what kind of inputs will be 
supplied, what type of outputs will be re¬ 
quired, what speed and accuracy will be re¬ 
quired, and how much weight and space may 


be devoted to the computer. These factors 
are all independent and greatly affect the 
particular course taken in developing the 
program. 
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CHAPTER 12 

PRINCIPLES OF INERTIAL NAVIGATION 


The introduction of aircraft with inertial 
navigation systems creates a whole new set of 
problems in operation, maintenance, and deck 
handling. This chapter introduces the funda¬ 
mentals of inertial navigation and discusses the 
effects of component and initialization errors. 
Initialization is the process of bringing the in¬ 
ertial system to a set of initial conditions from 
which it can proceed with the navigation pro¬ 
cess. A description of system initialization on 
the ground and on board aircraft carriers is 
given. Carrier environment is emphasized 
since it is the most difficult with which to deal. 


NAVIGATION 


There are two methods of navigation. One 
is position fixing by measuring position relative 
to some known object. The most common ex¬ 
ample is celestial navigation. Loran is another 
example of navigation by periodic position fixes. 
The other method, d ead reckoning, measures 
speed and heading and, using these measure¬ 
ments, computes position change from an initial 
position fix. The most common example of this 
form of navigation is the ship navigator's posi¬ 
tion plot. One of the oldest automatic naviga¬ 
tion systems is the dead reckoning analyzer, 
which takes its speed from the ship's log and 
its heading from the ship's gy r ocompass to 
compute latitude and longitude. A more accu¬ 
rate automatic dead reckoning device is the 
Doppler radar navigator. 

Navigation systems which require a contin¬ 
uous record of position normally use both meth¬ 
ods; that is, since it is not always convenient 
to establish position continuously by a direct 
fix, they dead reckon between position fixes. 
However, the error in dead reckoning as a per¬ 
centage of the distance traveled commonly 
reaches 2 to 5 percent. Thus, as the distance 
traveled between fixes increases, as in the case 
of high speed aircraft, the accuracy of dead 
reckoning must be increased if a small absolute 
position error is to be maintained. 


DEAD RECKONING 

The concept of dead reckoning is well known, 
but the sources of error and methods of in¬ 
creasing the accuracy of dead reckoning are 
not. To navigate by dead reckoning, the vehi¬ 
cle's speed is resolved, using the vehicle’s 
heading, into north and east velocities. The 
time integral of these velocities gives the dis¬ 
tance traveled or the change in latitude and lon¬ 
gitude from the last position fix. 

The two major causes of error in position 
computed by dead reckoning are errors in the 
measurements of heading and speed. A heading 
error of 1° introduces an error of 1.75 percent 
of distance traveled, and a speed error of 1 
percent introduces an error of 1 percent of dis¬ 
tance traveled. Assuming these errors to be 
uncorrelated, the total system error becomes 

J 2 T 

Tl.75 + 1 , or about 2 percent of distance 
traveled. Increasing the accuracy of the speed 
and heading measurements increases the sys¬ 
tem accuracy; however, the errors cited above 
approach the limits of precision of present 
Doppler navigation equipment. 

Fundamentals of Integration 

Since the process of integration is so fre¬ 
quently used in navigation systems, a simplified 
explanation is given. (NOTE: Integration is 
also discussed in chapter 13 of Aviation Fire 
Control Technician 3 and 2.) In inertial navi¬ 
gation, distance traveled is calculated from 
measured acceleration by first integrating ac¬ 
celeration with respect to time to find velocity, 
and then integrating velocity with respect to 
time to find distance traveled. From elemen¬ 
tary calculus, distance, velocity, and accelera¬ 
tion are related as follows: 

x =/V dt = fj a. dt dt 

• This formula indicates that distance (x) is 
equal to the integral of velocity (V) with respect 
to time and is also equal to the double integral 
of acceleration (a) with respect to time. The 
three graphs (fig. 12-1) illustrate the relation¬ 
ships with acceleration, velocity, and distance. 
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Figure 12-1. -Integration of acceleration to 
obtain velocity and distance. 

In order to illustrate these relationships 
clearly, constant values of acceleration are 
chosen for each of the first four intervals (time 
0 to time 4). Integrating the constant accelera¬ 
tion for time 0 to time 1 gives a velocity (V) 
which increases linearly. Velocity at the end of 
the first interval is actually computed by meas¬ 
uring the area under the acceleration curve 
(time 0 to time 1). 

Recall that the fundamental formula for 
velocity is V = a * t. The process of integra¬ 
tion actually subdivides each interval shown in 
figure 12-1 into an infinite number of tiny in¬ 
tervals. Integration is, then, the process of 
adding, or summing, an infinite number of 
incremental areas under a curve to obtain the 
total area. The velocity curve, therefore, is 
a plot of subtotals of the incremental areas 
under the acceleration curve. 

In the second period, the acceleration is 
zero, and the velocity remains constant. In 
the third period, there is a constant negative 
acceleration which reduces the velocity sub¬ 
totals at a constant rate. In the fourth period, 
there is no acceleration and no change in 
velocity. In the fifth period, a random acceler¬ 


ation and its approximate integral, the velo¬ 
city, are shown. 

The distance curve is actually a plot of sub¬ 
totals of the incremental areas under the velo¬ 
city curve. 

A practical example, the ball and disk in¬ 
tegrator, is shown in figure 12-2. It is rarely 
used in inertial navigators, but a very similar 
device is commonly used in analog computers. 
The ball (B) is mounted on a splined shaft 
which is free to turn in bearings. The input to 
the integrator is the distance a (acceleration 
in this example); that is, the distance between 
the ball and the center of the disk. The disk 
rotates at a constant angular rate and its an¬ 
gular position (0) is directly proportional to, or 
varies directly as, time (t), (that is, as shown 
in figure 12-2,0<xt). Rotation of the splined 
shaft is the output of the integrator, and its 
angular position 9 is directly proportional to 
velocity (V) in this example Jf a is zero (theball 
is at the center of the disk), the constant disk 
rotation will not cause the output shaft to ro¬ 
tate, indicating that present velocity is con¬ 
stant. If the ball is displaced from the center 
of the disk a distance a, disk rotation causes 
the splined shaft to rotate, indicating that ve¬ 
locity is increasing. Moving the ball to the left 
of center of the disk simulates negative accel¬ 
eration and causes the splined shaft to rotate in 
the opposite direction, reducing the indicated 
velocity. 
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Figure 12-2. -The ball and disk integrator. 

Another example of integration is a simple 
motor driving a counter. If a voltage propor¬ 
tional to velocity is present, it could be used 
to drive a motor so that the speed of the motor 
would be proportional to velocity; and the num¬ 
ber of revolutions or the counter reading would 
indicate distance traveled. Thus, velocity 
would be integrated to find distance. 
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INERTIAL NAVIGATION 

An inertial navigation system is a dead 
reckoning system with very good accuracy. 
Instead of measuring speed directly, the sys¬ 
tem derives it from measurements of the 
vehicle’s accelerations. Two accelerometers 
are used; one accelerometer is pointed north, 
and the other is pointed east. The first integral 
with respect to time of these accelerations 
gives the north and east changes in velocity, 
and the second integral with respect to time 
gives the north and east position changes. Of 
course, the vehicle’s initial velocity and initial 
position must be inserte d for accurate 
navigation. 

The accelerometer can be made to measure 
acceleration very accurately; however, it can¬ 
not distinguish between accelerations of the 
vehicle and the effect of gravity. This difficulty 
can be eliminated by keeping the sensitive 
axis of the accelerometer perpendicular to the 
gravity vector at all times. To accomplish 
this, the accelerometers are mounted on a 
three-axis, gyrostabilized platform. 

The platform (fig. 12-3) is attached to the 
vehicle through a gimbal system which permits 
it to take any orientation with respect to the 
vehicle. Three gyros are mounted on the plat¬ 
form with their input or sensitive axes in three 
mutually perpendicular directions. The gyros 
have the property of sensing angular rates about 
their input axes. A sensed rate causes the gyro 
to precess around its output axis, providing an 
electrical output from the gyro which is ampli¬ 
fied and used to drive a platform control 
torquer to null out the sensed rate. Thus, if 
the vehicle rotates about any of its three axes, 
the platform tends to rotate; and the rotation 
rate is sensed by the gyros. The resulting 
gyro output causes the platform to be driven 
in the opposite direction, thus keeping the 
platform space stabilized while the vehicle 
rotates around it. Mounting the accelerometers 
on this platform preserves their orientation 
independent of the vehicle’s r otation. The 
gyros shown in figure 12-3 are the single- 
degree-of-freedom type. 

Since the integral of angular rate with 
respect to time is an angle, the platform is 
commonly described as an integrator. The 
angle through which the platform moves relative 
to the vehicle is equal to the negative integral 
of the vehicle's angular rate. 

All is not yet solved. There is one rotation 
of the vehicle that should be taken into account 


in orienting the accelerometers. This rotation 
arises from motion over the earth. (Refer to 
fig. 12-4.) The vehicle moves from point A to 
point B. In doing so, it rotates through an 
angle d so that it remains level, or perpendic¬ 
ular to gravity. If the platform does not rotate, 
it will take position shown at B; and the ac¬ 
celerometers will sense gravity. It is now 
apparent that the platform must be more than 
space stabilized; it must be stabilized with 
relation to the earth, and it will take more than 
just the output of the gyros controlling the 
platform torquers to do this. 

Since the platform integrates the input rates, 
an artificial input equal to the negative of the 
vehicle's angular rate would keep it level. 
The vehicle's true angular rate<j^,,in radians 

per hour, while the vehicle is traveling over 
the earth, is V^,/R, where V,p is its true linear 

velocity, and R is the radius of the earth. This 
artificial signal would be applied to the gyro 
torquer, which will cause the gyro to move a 
few degrees around its output 6 axis and pro¬ 
duce a signal from its 6 pickoff even though 
the input <p axis senses no angular rate. By 

torquing the gyro with -V /R, where V is the 

c c 

computed value of V T ,the gyro Q pickoff output 

will cause the platform to rotate through an 
angle relative to the horizontal equal to the 

integral of (V - V )/R (which actually would 
A c 

be an error angle). If V equals V T , there will 

be no error due to the vehicle's rotation while 
it is traveling over the earth, and the platform 
will stay horizontal at all times. Since the 
computed input results from Schuler tuning, 
the basic principles of Schuler tuning are de¬ 
scribed below and should be thoroughly under¬ 
stood before proceeding. 

Accelerometers and Accelerations 

There are two types of forces that can cause 
a body to move-acceleration forces and field 
forces. It is important to note that an accel¬ 
erometer cannot distinguish between these two 
forces. (Accelerometers are discussed in 
chapter 10 of Aviation Fire Control Tech¬ 
nician 3 and 2.) Newton's second law of motion 
describes acceleration force thus: If a body 
is acted upon by a force, the product of the 
acceleration (a) and the mass (m) of the body 
is proportional to the force (f); (f = ma). The 
most common field force is gravity. This force 
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Figure 12-4. -Vehicle motion in relation to a 
space stabilized platform. 



Accelerometer 
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Figure 12-5.-Basic ideas of Schuler tuning. 


is represented by the formula (f = mg). The 
term (g) represents gravitational acceleration, 
32.17 ft per sec per sec-the acceleration with 
which a body falls freely toward the earth’s 
surface, neglecting air friction. 

It should be understood that the accelero¬ 
meter will provide no output while it is moving 
at a constant velocity and its sensitive axis is 
perfectly horizontal. But if the sensitive axis 
should become misalined, gravitational accel¬ 
eration will result in a force which displaces 
the mass and causes the accelerometer to give 
an erroneous indication of the vehicles accel¬ 
eration. 

SHULER TUNING 

Schuler tuning is used in most inertial 
navigation systems. It maintains the stable 
platform in an orientation that is perpendicular 
to the earth’s gravity. It also reduces the long 
term errors, described later, resulting from 
certain imperfections in the instruments. 

To understand why Schuler tuning was 
developed and how it operates, consider first 
some of the problems involved in maintaining 
a stable platform perpendicular to the earth’s 
gravity. For simplicity at this point, consider 
the earth to be spherical, but nonrotating. A 
stable platform bearing an accelerometer 
is shown with respect to the earth in figure 


12-5. If the platform is stationary but tilted, 
as shown (fig. 12-5(A)), gravitational accelera¬ 
tion will cause the mass in the accelerometer 
to move to the left and produce an output 
(g sin 9) simulating acceleration to the right. 
The platform can be leveled automatically if 
the accelerometer output drives the motor M 
(fig. 12-5 (B)), which rotates the platform 
through a gear train. The motor turns until 
the output from the accelerometer is zero, 
when the platform angle 9 is also zero. 

Now assume that the platform is uniformly 
accelerated to the right. The mass in the 
accelerometer will again move to the left; and 
the output of the accelerometer, after amplifica¬ 
tion, will drive the platform away from the 
true level position to anew position where there 
is zero motor voltage. The action of the 
accelerometer is exactly the same as that of a 
pendulum; if accelerated along the earth’s 
surface, they both give an erroneous indication 
of the vertical. 

Professor Schuler of the University of 
Gottingen solved this problem, in principle, in 
the nineteenth century. He considered the 
case of a pendulum mounted on a moving body, 
as shown in figures 12-5 (C). The vehicle has 
a pendulum of mass (m) hanging from a pivot. 
When the vehicle is accelerated, the pendulum 
lags by an angle <p, as shown. In figure 12-5 
(D), a longer pendulum is used. For any given 
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acceleration, the angle of lag is less than 
0 ^ in figure 12-5 (C). If the pendulum is made 

longer and longer, the angle of lag becomes 
less and less. If the pendulum could have its 
bob at the center of the earth, the angle of lag 
would be zero and the bob would not move. 
This is Schuler tuning. 

Such a pendulum would have to have an 
effective length equal to the radius of the earth, 
approximately 4,000 miles, and a period of 
84.4 minutes. 

The formula for the period of a pendulum is 



where 

T = period in seconds 
1 = length in feet 
g = 32.17 ft per sec per sec 
A pendulum with a period of 84.4 minutes 
can be simulated with electromechanical 
elements. Taking the output of the accelero¬ 
meter and integrating it twice before it actually 
controls the platform provides, essentially, a 
Schuler-tuned platform. This is shown in 
figure 12-6. To prove that this loop has an 
84.4-minute period and is, therefore, Schuler 
tuned, tilt the platform very slightly and 
observe the following events: 



Figure 12-6. -A Schuler-tuned 
platform. 


An accelerometer mounted on a platform 
yields a signal proportional to the tilt angle 
of the platform (assuming that there is no 
linear motion of the platform). The output of 
the accelerometer is 

e = g sin 0 

For very small angles, the sine of the angle is 


very nearly equal to the angle in radians; 
therefore, 

e = g Q 

The angle e through which the platform moves 
to correct the tilt is proportional to the double 
integral of the accelerometer’s output, 

6 = - k ffgfi dt dt 

where 

k = constant 

Differentiating both sides of this equation twice 
yields the differential equation 


dt 2 + kg 6 = 0 

A solution to the differential equation is 
9 = A sin (/ kgt ) 

where 

A = constant 

Since a sine function is involved, the platform 
is evidently going to oscillate because it was 
disturbed-this oscillation is very slow. To 
find the frequency or period of the sine function 
let 

^kgf = w 

and the following are known relationships 

Of? 2,7 

(O = 2nF = -Tjr 


Therefore 



Now, if we let k = l/R, where R = 4,000 miles 
(the radius of the earth), the period T will be 
equal to 84.4 minutes. 
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The platform will actually be moved very 
slowly in a direction to correct the slight 
erroneous tilt, but it will overshoot and move 
back. The Schuler loop, therefore, is oscilla¬ 
tory. Once disturbed, the platform continues 
to oscillate about the vertical like an undamped 
pendulum. The associated oscillations are 
called Schuler oscillations. However, proper 
initialization and accurate components keep 
these oscillations very small. In fact, some 
of the inaccuracies which would normally 
result in large errors after a long period of 
time are averaged out by the oscillations and 
result in very little long term error. 

Unlike the usual pendulum system, the 
Schuler-tuned system is not disturbed by the 
vehicle’s accelerations. Recall that the second 
integral of acceleration is distance traveled; 
therefore, as shown in figure 12-6, the amount 
that the platform rotates, 6 , as the vehicle 
moves over the earth is directly proportional 
to the distance traveled. Consequently, the 
platform rotates just enough to remain per¬ 
pendicular to the earth’s gravity as the vehicle 
moves over the earth. In other words, it acts 
as if it were a pendulum with its bob at the 
center of the earth. 

SCHULER LOOP 

Figure 12-7 contains both a functional and 
a mathematical diagram of a Schuler loop. For 
simplicity, only the north loop is shown. Two 
such loops, one for north and the other for 
east, are required for an inertial system. The 
accelerometer in the north loop senses north- 
south accelerations; however, the gyro in the 
north loop senses east-west angular rates-the 
vehicle’s angular movements around the east- 
west axis. (See fig. 12-3.) 

By convention, the accelerometers and 
gyros are named according to the direction of 
their input axes; and the inertial or Schuler 
loop takes the name of its accelerometer. The 
north loop contains the north accelerometer 
and X (east) gyro, while the east loop contains 
the east accelerometer and Y (north) gyro. 

Refer to figure 12-7. True acceleration is 
a T due to the vehicle’s accelerating. An accel¬ 
eration, g0, called gravity feedback, is also 
sensed by the accelerometer when the platform 
is not perfectly level. It is actually gravita¬ 
tional acceleration g (32.17 ft per sec per sec) 
times the very small tilt angle 6 (probably in 
milliradians). 


It has previously been stated, that the 

platform could be maintained level by torquing 

it with a signal proportional to -V /R. Figure 

c 

12-7 shows how this is done. The integrated 

accelerometer output, V , is multiplied by 

c 

1/R to obtain a signal porportional to -V /R. 

c 

This signal torques the X (east) gyro to cause 
it to precess and provide a 6 pickoff output 
through the azimuth resolver to the platform 
pitch torquer. This, in turn, causes the plat¬ 
form to be torqued through an angle proportion¬ 
al to the distance traveled. In other words, 
the platform actually integrates the computed 

angular rate -V /R to produce an angle, 
c 

V co and P co are both inputs to the system, 
but only V has any effect on the Schuler loop. 

t/U 

For this explanation, V CQ was assumed to be 
zero. Another input (not shown in fig. 12-7) 
that is sensed by the gyro input <p axis, is 
caused by normal flight and combat maneuvers; 
that is, the angular rate of such maneuvers is 
sensed by the gyro, causing it to precess and 
to provide an output through the azimuth re¬ 
solver to the pitch torquer. The platform 
torquer responds to these signals, keeping the 
platform level. 

The gyro inputs axis also senses V t /R 

which is the vehicle’s true angular rate due to 
the vehicle remaining horizontal as it moves 
over the earth. V c /R must be equal to V^/R; 

if it is not, the platform will not remain level. 
The sources and effects of such errors are 
described later. 

CORRECTION TERMS 

This explanation of inertial navigation has 
glossed over several important correction 
terms by assuming a spher ical, nonrotating 
earth. A basic understanding of system opera¬ 
tion can be attained without considering these 
terms. Nevertheless, they are essential for 
system accuracy and are briefly described. 

Correction for Altitude and 
Earth’s Radius 

It has been stated that the stable platform 
is kept level by rotating the platform at the 
rate V /R. This would be acceptable if the 

V 

earth were a sphere and the vehicle stayed at 
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Figure 12-7. -The north Schuler loop, functional diagram. 


AQ. 231 


the surface of the earth. Since neither of these 
conditions is met completely, the value of R 
must be modified to allow for the ellipticity of 
the earth and for the vehicle’s altitude. The 
new rate of platform rotation required to com¬ 
pensate for these deviations is V /R.; where 

is the correct instantaneous earth radius. 
In other words, the 1/R term in figure 12-7 is 


computed continuously as the vehicle’s altitude 
and latitude change. The instantaneous value 
1/Rj can be expressed by the series formula: 


1 



e cos L i 



R_ 
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where Rp is the earth's radius at the pole, e 
is the correction for the ellipticity of the earth, 
L. is the instantaneous latitude, and h is the 

vehicle’s altitude. 

Coriolis Correction 

Accelerometers actually measure accelera¬ 
tion with respect to inertial space. Up to this 
point, a nonrotating earth has been assumed; 
therefore, acceleration due to the earth's rota¬ 
tion has been ignored. The difference between 
the accelerations measured in a vehicle moving 
over a nonrotating earth and the accelerations 
measured in the same vehicle moving over a 
rotating earth is called Coriolis acceleration. 
Coriolis acceleration occurs because a 
straight path with respect to the earth becomes 
a curved path in space when the earth rotates. 
A curved path can be achieved only by an 
acceleration force acting at right angles to the 
flightpath, and the accelerometer detects this 
acceleration. Since the magnitude is a function 
of the vehicle's instantaneous latitude and the 
earth’s rotation, it is continuously computed 
and subtracted from the accelerometer output. 

Correction for Earth’s Rotation 

Another correction due to the earth's rota¬ 
tion is required. Since the platform gyros sense 
rates about the three input axes, they will sense 
the earth’s rotation. The earth's rotation 
is constant; thus, the compensation rate about 
each axis is a function of the vehicle's position. 
A correction rate for each axis is continuously 
computed and added to V c /R.. The resultant 

signal torques the appropriate gyros to main¬ 
tain the platform level as the vehicle moves 
over the rotating earth. 

ERRORS IN NAVIGATION 

For completeness, more mathematics will 
be used in the description of system errors; 
however, system errors can be understood 
without a thorough knowledge of the mathe¬ 
matics used. The sources of the errors will 
be described first, and then the major system 
error due to each source will be considered. 

Sources of Errors 

Errors in the initial conditions affect the 
accuracy of the system. There are four initial 


conditions that must be set before the system 
can navigate accurately. Two are initial con¬ 
ditions for computation-the initial position, P cq 

and the initial velocity, V . Their associated 

co 

errors are initial position error, (E)P , and 

CO 

initial velocity error (E)V . The other two 

are platform initial conditions. Since the 
platform must be perfectly level, there is 
probable initial tilt error, 0 Of in each axis; and 
since the platform must have one axis pointed 
exactly north and the other east,there is a 
probable initial alinement error y> Q to north. 

There are two major component errors- 
accelerometer bias, A a > and gyro driftr ate, 
m. They are caused by mechanical imperfec¬ 
tions of the components. Accelerometer bias 
is an erroneous output from the accelerometer 
when the platform is perfectly level and the 
vehicle is not accelerating. Gyro drift is an 
output from the gyro Q pickoff which was not 
caused by the rotation of the earth or by any 
movement of the vehicle over the earth's sur¬ 
face. Gyro drift is the more important of the 
two. 

Effect of Errors 

The error in the computed velocity, (E)V C , 
can be computed for each of the errors men¬ 
tioned above. The equations which give the 
(E)V c for each error individually are included 
and are plotted in figure 12-8. They were de¬ 
rived by using differential equations, and their 
derivation is considerably beyond the scope of 
this course. 



Figure 12-8. -System velocity errors as a 
function of time (minutes). 
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Error in computed velocity, (E)V , due to an 

L 

error in initial velocity, (E)V , is 

LU 

® V c ■ < E > V co C0S “s 1 


V NT and V ET equal true north and east 
velocities. 

V N p and V £ p equal platform north and east 
velocities. 


where 



Error in computed velocity due to gyro drift 
rate m is 

(E)V = m R (1 - cos (o t) 
c s 


Error in computed velocity due to initial plat¬ 
form tilt error 0 is 
o 


(E)V = 6 R w 
c o s 


sinw 


st 


Error in computed velocity due to accelero¬ 
meter bias A is 
a 

(E)V c = (A a /w s ) sin ojt 

Error in computed velocity due to true vehicu¬ 
lar acceleration a T is 

(E)V c = a T (0) 

The last equation was also derived using 
differential equations and is important because 
it shows that there is no velocity error due to 
vehicular acceleration. All the errors are due 
to erroneous initial conditions and to component 
errors. Since the two loops are identical, the 
errors are the same for the north and east 
Schular loops. 

Figure 12-9 shows that the velocity error 
due to an initial platform alinement error, iA q , 

is the error in resolving the vehicle's velocity, 
V, through the angle H - iA q instead of H. The 

velocity errors are different in the north and 
east directions and are functions of the heading 
H. Assuming i J/ q to be a very small angle, the 

velocity errors are 

< e > v cn= v nt- v np ^o VsinH 

< E > V CE= V ET- V EP = ^o V cosH 

where 

(E)V cN and (E)V cE equal computed north 
and east velocities. 


These two equations can be combined into 
an error, (E)V c ^, which is perpendicular to V. 

That is, 


< E > V cl=V(E)V cN 2 7 (E)V cE 2 


(E)V c i = * Q V 


This equation, plotted in figure 12-8, becomes 
a straight line at 1 fps. That is, since vehicle 
velocity is given at 1,000 fps and is given as 

1 milliradian, 1000 x . 001 = 1 fps. 

The computed position error, (E)P , can 

c 

be found for each type of error by integrating 

the velocity error equation. These errors are 

plotted in figure 12-10. However, (E)P , due 

c 



alinement error. 

to initial position error (E)P cq , is equal to the 
initial position error; that is, 

(E)P C = (E)P cq 


and (E)P is assumed to be zero in figure 

12-10. All other fixed values in figure 12-10 
are the same as those given in figure 12-8. As 
plotted in figure 12-10, an error in computed 
position (E)P due to an error in initial velocity 
is C 


(E)P c = [(E)V co /*. s ] sinw g t 
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Figure 12-10.-Systems position errors as 
a function of time (minutes). 

Error in computed position due to a gyro drift 
rate m is 

(E)P c = riiR^t-^-i_^sin 

Error in computed position due to platform 

tilt error 6 is 
o 

(E)P c = 8R [1 - cos «,t ] 

Error in computed position due to accelerom¬ 
eter bias A is 
a 

(E)P c = <V?s 2) \_ l - COS fs*] 

The computed north position error (E)P c ^ 
due to a platform initial alinement error is 

(E)P cN = ^ 0 (Vsin H)t 

and, the computed east position error (E)P cE 
due to is 


(E)P cE = - <A q (V cos H)t 

Combining these two errors produces an error 
perpendicular to the path traveled, (E)P cl 

Where (E)P cl = * V t 


The first five position error equations are 
both north and east errors, independent of the 
vehicle’s heading; that is, each equation applies 
to both the north and east Schuler loops. The 
next two equations are north and east errors, 
because they are functions of heading. The 
first five equations and the last equation are 
plotted in figure 12-10. 

Figures 12-8 and 12-10 clearly illustrate 
one of the major advantages of inertial naviga¬ 
tion. Of all the sources of velocity error, only 
two result in position errors that increase with 
time-platform initial azimuth alinement error 
i/j q and gyro drift rate m. Gyro development 

has reduced drift rates to approximately 0. 01° 
per hour, whereas a platform initial azimuth 
misalinement of about 2 milliradians is prac¬ 
tical. 


INITIALIZATION OF INERTIAL 
NAVIGATION SYSTEMS 

The following is a description of the tech¬ 
niques and problems involving leveling and 
alining inertial navigation systems. Such prob¬ 
lems range from the most simple case to the 
one which is of primary concern to Navy air¬ 
craft; that is, the problem of initialization on 
board an aircraft carrier. While leveling and 
alining are related and, in some cases, de¬ 
pendent upon each other, they are treated 
separately at the beginning to simplify the 
discussion. 

Before continuing, some of the terms used 
frequently are defined briefly: 

Leveling-the process of bringing the stable 
platform to a position where the accelerom¬ 
eters do not sense any gravity components. 

Alining-the process of bringing the sensi¬ 
tive axes of the platform into a known position 
in azimuth. 

Initialization-the process of bringing the 
inertial system to a set of initial conditions 
from which it can proceed with the navigation 
process. This includes leveling, alining, set¬ 
ting of initial velocity and initial position, and 
all additional computations required to start 
the navigation. In the following discussion, the 
term will be used to mean leveling and aline¬ 
ment; but keep in mind that these other initial 
conditions are implied. They receive less em¬ 
phasis because they are easily accomplished 
in the computer. 

Slaving-the process of torquing the system 
gimbals to a position defined by some reference 
which is external to the system. 
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Gyrocompassing-the process of self aline- 
ment whereby the system achieves azimuth 
orientation from its own sensors, in the 
manner similar to a conventional gyrocompass. 

The effects of tilt error and azimuth error 
at the beginning of navigation were examined 
previously, and a plot of system position errors 
as a function of time for several values of 
these initial condition errors was shown in 
figure 12-It). It is evident from an examination 
of these curves and from reading the descrip¬ 
tion of the errors, that failure to achieve the 
proper initial conditions is disastrous to nav¬ 
igational accuracy. 

The initialization technique which most of 
us would first consider is probably one of 
slaving. The platform gimbals could be rotated 
to position defined by some external reference 
in the same manner as a gun mount is slaved 
to the stable element of a ship. This method 
is useful and can be applied to our problem; 
however, the accuracies we require cause it to 
be a more critical operation than gun mount 
stabilization. In addition, while it is quite 
simple in concept, slaving is more complicated 
in terms of additional equipment required. 

In self initialization, no external directional 
references are used. The system orients itself 
by means of computations performed on the 
outputs of its own sensors-gyroS and accel¬ 
erometers. This method is less complicated 
in terms of external equipment, but more 
complicated in concept. The following para¬ 
graphs are devoted primarily to a description 
of self-initialization techniques and the prob¬ 
lems and errors associated with these tech¬ 
niques. 

SLAVING IN A STATIONARY LOCATION 

The most simple environment for the initial¬ 
ization of an inertial system is a known, fixed 
position on the earth. All initial conditions, 
including level and azimuth, could be available 
from external sources. A typical example of 
this environment is a missile launching site. 
Here, level and azimuth information can be 
transferred to the platform by optical and 
electrical transfer methods. These methods 
require installation of equipment to mechanize 
this transfer and are best suited to the missile 
launching situation. 


SELF INITIALIZATION IN A 
STATIONARY LOCATION 

Still simple, but not so well suited to exter¬ 
nal slaving, is the environment of a known, 
stationary position not sufficiently fixed to per¬ 
mit installation of slaving equipment. An ex¬ 
ample of this environment is an aircraft which 
alines at any of a number of stationary posi¬ 
tions in or about the hangar and flight apron. 
This discussion is started with self initializa¬ 
tion for systems in this environment, from 
which it can be expanded to encompass the 
more complex environment of an aircraft 
carrier. An additional simplification will be 
introduced here by discussing leveling sepa¬ 
rately from alinement. Within certain limits, 
leveling can be accomplished independent of 
azimuth alinement; and it can be seen later, in 
the discussion of gyrocompassing, that it is 
desirable to level the platform before attempt¬ 
ing to gyrocompass. 

Briefly review the sensors and connections 
available on the inertial platform. It contains 
the accelerometers, which sense acceleration 
and consequently gravity; gyros, which sense 
angular rates; a gyro-torquing coil, as part of 
each of the three gyros on the platform, to 
torque each gyro individually; and gimbal- 
torquing motors to torque the platform. The 
gyro-servo combination is capable of accepting 
electrical inputs from external sources to 
torque the platform. 

An electrical signal applied to the gyro 
torquer will cause the gyro to produce an out¬ 
put signal to the platform-torquing servomotor 
which, in turn, causes the platform to rotate 
continuously until that signal is removed. All 
self-initialization schemes make use of this 
characteristic of the gyro-servo combination. 
They all operate on some modification of the 
basic acceleration-leveling scheme, which will 
be described first. 

Acceleration Leveling 

In its most simple form, leveling is accom¬ 
plished by taking the electrical output of the 
accelerometer and applying it to the gyro 
torquer. As long as the platform is not level, 
the accelerometer has an output due to the 
force of gravity. When this accelerometer 
output is sent to the gyro torquer, it causes 
the platform to rotate and thus reduce the signal 
from the accelerometer. When the accelero¬ 
meter is leveled, it no longer has an output. 
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Thus, the gyro no longer has an input; and the 
platform remains in this leveled position. 

The speed with which this mechanization 
can level the platform is a function of the gain 
of the amplifier. Higher gains will cause the 
platform to torque more rapidly. However, 
due to the presence of noise in Hie output of 
the accelerometer, there are certain limita¬ 
tions to the amount of gain which can be used, 
If the gain is very high, the platform will re¬ 
spond rapidly to small variations in the output 
of the accelerometer. A theoretical accelera¬ 
tion-leveling arrangement is shown in figure 
12 - 11 . 


Acc* Urometer 
Axis 



acceleration leveling. 


Amplifier 










Platform 

Gyro 

17 } 
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Figure 12-12.-Mathematical diagram of 
acceleration leveling or first order leveling. 


Figure 12-12 is a mathematical schematic 
diagram of this theoretical arrangement. All 
electrical connections are indicated by solid 
lines and all physical inputs by dotted lines. 
For example, the gyro output is a physical 
quantity; i. e., the angle between the platform 
and the horizontal. When this angle is not zero, 
it causes gravity to be coupled into the accele¬ 
rometer input, as indicated by the block label¬ 
ed g. This physical input to the accelerometer 
box causes an electrical output from the accel¬ 
erometer, which is amplified (-K is the am¬ 
plifier gain) and used to torque the gyro. Thus 
we have the closed loop system. When the plat¬ 
form is level, there is no gravity coupling to 
the accelerometer; and the loop is in a steady 
state. 

Second Order Leveling 

As previously explained, the navigational 
function of the platform requires that the ac¬ 
celeration be integrated to obtain velocity 
before it is fed to the gyro torquer. It would 
be desirable to maintain this configuration for 
the leveling loop so there would be a minimum 
of changes between the leveling system and the 
navigating system. (See fig. 12-7.) 

It would seem that this loop would also level 
the platform, since the accelerometer output is 
applied to the gyro torquer through the inte¬ 
grator. Unfortunately, this is not exactly true. 
The nature of the Schuler loop causes it to act 
as an undamped pendulum which never reaches 
a level condition, but continues to oscillate 
about that position. Another drawback to level¬ 
ing in this manner is the sluggish nature of 
this loop, due to the very low gains. The basic 
period of this loop is 84 minutes-primarily due 
to the low gain of l/R. Since the purpose here 
is to establish a vertical, and not to navigate, 
this term is no longer required to be l/R, but 
can take on any value desired. In this case, it 
is desirable to make it large in order to level 
the platform rapidly. Having altered the slug¬ 
gish nature of the platform, it is changed to 
act like a damped pe ndulum by feeding the 
integrator output to the accelerometer input, 
This causes the oscillating platform to come to 
rest in a level position. The mathematical 
diagram of this arrangement is shown in figure 
12-13. The gain -K2 is larger than l/R. The 
diagram shows, too, that the initial tilt error 
0 Q also causes the accelerometer to sense 
gravity and that the platform tilts until its out¬ 
put 6 cancels 0 o . At that time the accelero¬ 
meter will be level. 
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Figure 12-13. -Second order leveling loop. 

Gyro as a Rate Detector 

Before gyrocompassing is described, the 
rate measuring capability of a gyro should be 
clarified. The gyro detects rates about its 
input axis. The platform gyro-vector orienta¬ 
tion is shown in figure 12-3. If the axis of the 
rotation is not parallel to the gyro input axis, 
the gyro will not sense the entire rate but only 
some portion of it which is proportional to the 
angle between the rate rotation axis and the 
gyro input axis. This can be easily represented 
by using vectors to describe the rates. A 
vector representation of a rate will be directed 
along the axis of rotation, with its length pro¬ 
portional to the rate and its direction according 
to the right-hand rule which is similar to the 
one used in describing magnetic fields about a 
wire. If the right hand is wrapped around the 
axis with the fingers indicating the direction of 
rotation, the thumb points in the direction of 
the rate vector. Rate components of this vector 
along other axes at angles to the rotation axis 
will be equal to the rate times the cosine of 
the angle between the axes. Figure 12-14 
shows how this works for the earth-rate com¬ 
ponent in the horizontal plane. This shows that 
a gyro with its input axis in the horizontal 
plane and pointed north will sense a rate equal 
to earth-rate times the cosine of latitude; that 
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Figure 12-14. -Horizontal component of 
earth rate. 

is, when the north gyro is at the equator, it 
senses the entire earth rotation rate; but when 
it is at the north pole, it senses none. 

Gyrocompassing 

With this concept in mind, a discussion of 
azimuth alinement by a method known as gyro¬ 
compassing should follow. It is so called be¬ 
cause the basic technique is exactly the same 
as the one used in a conventional ship’s gyro¬ 
compass. The vector relationship for earth 
rate in the horizontal plane was shown in figure 
12-14. Now examine figure 12-15, which is a 
top view of the horizontal plane. The coordinate 
axes labeled X and Y are the principal axes of a 
platform misalined from north by an angle 
Each of these axes is the sensitive axis of a 
gyro: Y is the north gyro and X is the east 
gyro. (As mentioned previously, the north gyro 
has its input axis running north-south and 
would sense the east-west rotation of the earth.) 
First simplify the earth-rate vector by letting 
njE cos L = n N . Then, resolving it into the 
X and Y axes gives the two components shown, 
COS ^ along the north gyro axis and 
-%j sin i/r along the east gyro axis. It is de¬ 
sired to rotate the platform in azimuth until 
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Figure 12-15. -Components of earth rate in the 
horizontal plane. 

^ds zero. At that time the two components will 
be n N along the north gyro axis and zero along 
the east gyro axis. This is a situation made to 
order for a servomechanism approach. The 
east gyro is an error sensor which detects 
zero error when the platform is in the desired 
position. Practically all the necessary compo¬ 
nents are in the second order leveling loop. If 
the second order leveling loop is not oriented 
with the east gyro axis pointed exactly east, 
this gyro will pick up an earth-rate component. 
For the leveling loop to reach a steady state, 
this gyro input must be canceled. 

The gyrocompassing feature is added to the 
second order leveling loop in figure 12-16. The 
integrated acceleration does not reach zero, 
but rather a value equal and opposite to the 
earth-rate input to the gyro. This value can 
be used as the error signal for azimuth aline- 
ment. The signal is amplified with a gain of 
-K3, and used to torque the azimuth gyro and, 
consequently, the platform; that is, the azimuth 
gimbal torquer moves through an angle 0 until 
it cancels out the initial alinement error angle 
i// Q . As the east gyro axis becomes perpendic - 
ular to the earth-rate vector, the output of the 
velocity integrator drops to zero; and the plat¬ 
form stops torquing when the east gyro axis is 
pointed directly east and the platform is level. 



AQ. 240 

Figure 12-16.-Gyrocompassing loop. 

The azimuth gyro is represented as ah inte¬ 
grator with an output of platform azimuth error 
»A. Remembering that the sine of a small angle 
is approximately equal to the angle in radians, 
the earth-rate input to the east gyro can be 
simplified; it is shown as 016 loop 

reaches steady state, the east gyro has zero 
input because <A is equal to zero; the azimuth 
gyro has no input because the indicated input 
to -K3 is zero. In addition, the platform is 
level because there is no signal feed back 
through Kl. 

INITIALIZATION ON A MOVING BASE 

At this point there is an established system 
which alines satisfactorily in a stationary en¬ 
vironment. Now go back to the simple first 
order leveling loop (fig. 12-12) and examihe its 
performance on an accelerating base such as 
an aircraft carrier. 


Acceleration Leveling 


Leveling was accomplished by nulling the 
accelerometer output. If the platform is on a 
vehicle which is accelerating (an aircraft car¬ 
rier in a turn), there will be an input to the 
accelerometer in addition to the gravity terms 
caused by tilt. These will cause outputs, which 
look like tilts, at the level position of the ac¬ 
celerometer; that is, an acceleration of 0.001 g 
will look like a tilt of 3. 44 minutes of arc. The 
simple acceleration leveling scheme will rotate 
the platform until the accelerometer has zero 
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output, whether these outputs are from tilts on 
accelerations of the base. The 0.001-g input 
mentioned will cause a tilt error of 3.44 min¬ 
utes of arc. An aircraft carrier in a turn of 
0.5 degree per second at 25 knots is acceler¬ 
ating at a rate of 0.11 g toward the center of 
the turn. It can be seen that this causes an in¬ 
tolerable tilt error. One way to eliminate this 
problem is to introduce a term which compen¬ 
sates for the acceleration. This would require 
some independent device to measure the ac¬ 
celeration. The achievement of an external 
measure of acceleration without the use of 
another inertial system presents so many 
problems that first order leveling on the mov¬ 
ing base i s abandoned, since there are easier 
ways to solve the problem. 

Second Order Leveling 

The second order leveling loop also provides 
leveling problems during accelerations. The 
velocity integrator output changes during ac¬ 
celerations and disturbs the platform level 
through the K1 feedback. In addition, the air¬ 
craft carrier’s velocity over the earth intro¬ 
duces rate inputs to the gyros which cause 
steady state platform tilts. The tilts associ¬ 
ated with these effects are too large for satis- 
factory platform initialization and must be 
removed by some form of compensation. Both 
of the disturbing errors are velocities; there¬ 
fore, they can be compensated by introducing 
velocity from an external source, such as the 
ship's electromagnetic log (EM log). 

The ship's EM log is a speed measuring 
device which makes use of Lenz’s law to meas¬ 
ure the speed of the ship. Lenz’s law defines 
the nature of electric currents generated in 
conductors moving in magnetic fields. In the 
case of the EM log, a sensor called the sword 
is lowered into the water. As sea water (which 
is a conductor) flows around the sword, a cur¬ 
rent is induced in the sea water. This current 
causes a secondary magnetic field which dis¬ 
torts the primary field of the log. Measure¬ 
ment of the field distortion gives an indication 
of the ship's speed through the water. 

The log has two major sources of error: 
First, it measures only speed through the 
water; consequently it ignores any ship velocity 
due to ocean currents; and second, it measures 
only the local longitudinal component of veloc¬ 
ity. As the ship slips sideways in a turn, the 
alterations in local flow at the log cause it to 
have errors on the order of 2 to 3 knots. 


The reference velocity is introduced as 
shown in figure 12-17;that is, it cancels the 
steady state value of platform velocity at the 
velocity integrator output so that the feedback 
through K1 and the feed forward through -K2 
are nearly zero in a steady state. The rate 
due to the aircraft carrier's velocity over the 
earth is computed and used to compensate the 
level gyros. Neglecting errors in reference 
velocity, the system levels as accurately as a 
second order loop at a stationary location. 

Examine the effects of errors in the refer¬ 
ence velocity. There are two major types of 
error, and they cause two very different prob¬ 
lems. The constant error, which is due to 
ocean current and EM log bias, causes a steady 
state tilt error just as a gyro drift rate does. 
This error would not substantially change the 
gains used in leveling at sea. The other source 
of reference velocity error is the transient and 
oscillatory error in the EM log. The most 
troublesome error in the log is the inaccuracy 
of its output during a turn. The errors thus 
introduced to the platform cause it to take up 
transient tilts with peak values much larger 
than the steady state errors. Even if the ship 
is not in a turn, there is continuous oscillatory 
"noise" on the EM log due to slight wander of 
the ship about its straight course and to the 
ship's pitch and roll motion. In order to mini¬ 
mize the transient excursions of level, the 
gains must be made lower. Making gains lower 
has the detrimental effect of lengthening the 
time required to remove initial errors. The 
gain selection then becomes a compromise 
between fast elimination of erroneous initial 
conditions and attenuation of transient error s. 
This defines the basic problem of alining and 
leveling at sea, which becomes more severe 
as azimuth alinement is attempted. 

Gyrocompassing 

The gyrocompassing loop develops from the 
second order leveling loop, just as it did on the 
stationary base. I n this case the velocity dif¬ 
ference signal is used, through the -K3 ampli¬ 
fier, as the torquing input to the azimuth gyro. 
The reference rate to the east gyro, through 
the -1/R amplifier, should compensate for the 
rate due to velocity of the aircraft carrier and 
leave the earth-rate error signal as the pri¬ 
mary gyrocompassing signal. This loop is 
shown in figure 12-18. 

In figure 12-18, an additional factor has 
been added to the earth-rate term. This is the 
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Figure 12-17. -Second order leveling loop with 
reference velocity. 

V E /R term, which reflects the additional rate 
due to east velocity. It has no bearing on 
steady state error, but it does have the effect 
of changing the loop gain as a function of east 
velocity. 

The gyrocompassing loop is the same as the 
one developed previously, with the addition of 
the reference velocity inputs. The same steady 
state results hold for this loop. It will level 
accurately, except for error due to accelerom¬ 
eter bias; and it is not sensitive in level to rate 
errors to the east gyro. Azimuth accuracy is a 
function of rate errors to the east gyro; there¬ 
fore, the bias errors in the reference velocity 
will add to the east gyro drift in causing azi¬ 
muth error. The azimuth error is a function 
of latitude; it will be about 4 minutes for each 
knot of north reference error in midlatitudes. 

The errors just described are steady state 
errors. Just as in the case of leveling, tran¬ 
sient velocity errors are severe problems. Any 
reference velocity errors appear immediately 
at the azimuth gyro torquer, so that any errors 
will cause the platform to be torqued errone - 
ously in azimuth. In order to hold this azimuth 
error to a small value, the torquer gain -K3 
must be kept low. As in the level loop, any re¬ 
duction of gain increases the time for removal 
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Figure 12-18. -Gyrocompassing loop with 
reference velocity. 

of initial condition errors. Gains which permit 
reasonably accurate alinement during turns, 
using the EM log, require gains low enough 
that 30 to 45 minutes of alinement time will be 
required to reduce the initial condition errors 
to the desired values. Even with these low 
gains, large turns at the end of alinement can 
cause intolerably large errors in azimuth. 

Inertial Source of 
Reference Velocity 

One method of solving this problem lies in 
the use of another alined intertial system to 
supply the reference velocity to the alining 
system. The problem with the EM log was 
two-fold: It did not measure all velocities (ship 
motion), and it was in error during turns. The 
inertial reference source does not have these 
drawbacks. It measures all velocities at the 
point where it is mounted, and it has no errors 
which are a function of turns. The worst prob¬ 
lem of the inertial system is long term bias 
errors due to platform drift and initial aline¬ 
ment errors. If the inertial system is alined 
at sea, it will have a bias error equal to EM 
log bias in its velocity output. However, the 
errors due to long term biases are small com¬ 
pared to the transient errors; and the accuracy 
of intertial systems on a short term basis 
makes these transient errors small. In this 
respect, the inertial source of velocity holds 
forth promise of shortening alinement times, 
but gyrocompassing is still limited in the sea 
environment because this environment is in¬ 
herently noiser and requires lower gains t o 
attenuate the noise. At present, the limited 
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factor in the use of inertial reference sources 
in the distribution of correct reference velocity 
to points remote from the reference location. 
Pitch, roll, and yaw motions cause remote 
parts of the ship to have sizable velocities with 
respect to the reference location. To realize 
the full value of an inertial source, these rela¬ 
tive velocities must be computed and added to 
the reference system output velocities. The 
accuracy with which this can be done limits 
the maximum gains which can be used. 

Rough Leveling 

The sea environment adds one more prob¬ 
lem to the alinement process. Since platform 
tilt enters the gyrocompass loop as part of the 
apparent azimuth alinement error, any initial 
tilt at the start of gyro compassing will result 
in an azimuth response. In fact, the loop is 
quite sensitive to this tilt, with a peak azimuth 
transient error reaching as high as 20 times 
the initial tilt error. At sea, where sea motion 
causes the vehicle to be oscillating about the 
vertical, it is difficult to initialize the level 
accurately. It may be off 3° or 4°,causing a 
peak azimuth transient of 60° to 80° One way 
to avoid this problem is to level roughly with 
the second order loop before starting the gyro¬ 
compass torquing. In 2 or 3 minutes the plat¬ 
form can be leveled to less than 10 to 20 min- 
utes-of-arc error. Subsequent gyrocompassing 
is then easier because of the elimination of the 
large transient. 

Now review the requirements and problems 
of shipboard initialization. The accelerations 
of the ship create inputs to both accelerometers 
and gyros which prevent the techniques of sta¬ 
tionary leveling from working properly. These 
accelerations must be compensated by the intro¬ 
duction of a reference velocity. The EM log is 
a fairly good source of reference velocity, but 
it has its largest error during turns-which is 
also the time of highest acceleration. To re¬ 
duce these errors, system gains must be made 
low, resulting in long alinement times. Refer¬ 
ence velocity from an inertial system has better 
characteristics and will permit shorter aline- 
ments; however, the sea environment is always 
a difficult environment for gyrocompassing; and 
there are practical limits to short alinement 
even with inertial source of reference velocity. 
Alinement times of 5 minutes and less will 
require more exotic methods than gyrocom¬ 
passing. 


PRINCIPLES OF DOPPLER NAVIGATION 

A simplified explanation of the Doppler prin¬ 
ciple as it applies to Doppler radar navigation 
is presented first to provide the basis for 
understanding its application in Radar Naviga¬ 
tion Set AN/APN-122(V). A general theory of 
system operation follows, based on the methods 
employedin the AN/APN-122(V) System. These 
methods are essentially the same as those used 
in the AN/APN-122(V) Modified System. 

DOPPLER RADAR PRINCIPLES 

As opposed to search and acquisition type 
radar which employs pulse type RF transmis¬ 
sion, the Doppler radar employs CW RF trans¬ 
mission in conjunction with the "Doppler ef¬ 
fect. " It should be remembered that pulse type 
radar determines distance to target by meas¬ 
uring the period between transmission of a pulse 
and recipt of the reflected pulse, while the CW 
Doppler radar senses velocity by measuring a 
proportional shift in frequency of the reflected 
signal. This frequency shift is the "Doppler 
effect." In operation, the airborne CW Doppler 
radar transmits fixed-frequency, RF signals as 
two or more narrow beams. The beams are 
transmitted earthward and displaced laterally 
and longitudinally at fixed and equal angles. 
The same airborne set receives a portion of the 
earth-reflected CW signals, each of which has 
undergone a Doppler frequency shift due to the 
Doppler effect. By continuously mixing the re¬ 
ceived energy with samples of the transmitted 
energy, followed by electronic detection, veloc¬ 
ity proportional difference frequency signals 
are extracted. These are the Doppler signals, 
and they contain composite velocity information. 
Since they are of audiofrequency, they may be 
amplified, electromechanically or electroni¬ 
cally tracked, and compared with pitch, roll, 
and altitude rate information to derive the in¬ 
dividual components of the aircraft’s velocity 
relative to the aircraft axes or relative to the 
earth’s surface. 

Doppler Effect 

Electronically, the Doppler effect is the ap¬ 
parent increase or decrease in frequency in a 
received signal resulting from the movement of 
either the transmitter or receiver, or both rel¬ 
ative to each other, or from the simultaneous 
movement of a combined transmitter-receiver 
relative to a fixed reflecting surface. Disre¬ 
garding angular motion for the present, the 
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Figure 12-19.-Doppler frequency shift, stationary transmitter, 
airborne receiver. 

magnitude of the frequency shift is directly pro- Aircraft A-heading on a straightline course 

portional to the closing or receding velocity toward T and flying at a constant speed of ap- 
alonga straight line distance between the trans- proximately 11 wavelengths per second, covers 

mitter and receiver, or between the combined the distance from point X to X’ in 1 second, 

transmitter-receiver and fixed reflecting sur¬ 
face. Aircraft B-heading on a straight line course 

away from T and flying at the same constant 
The Doppler effect is best explained with the speed as A, covers the distance from Y to Y' 
aid of figure 12-19. Assume three conditions in 1 second. 

of flight relative to transmitter T, represented Aircraft C-heading on a straight line course 

on figure 12-19 by aircraft A, B, and C. towards T and flying at a constant speed 
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approximately 1 1/2 times the speed of A, 
covers the distance from Z to Z' in 1 second. 

During all three preceding conditions, trans¬ 
mitter T is transmitting a VHF, CW signal of 
"f" cycles per second. Therefore, each dis¬ 
tance from X to X', Y to Y’ and Z to Z’ is equal 
to a specific number of wavelengths at "f' fre¬ 
quency. 

Now assume that each aircraft, A, B, and C, 
is equipped with a relatively broad-band re¬ 
ceiver capable of accepting signals at frequen¬ 
cies higher or lower than transmitted frequency 
M f." During the 1-second interval in which 
A is flying from point X to X’, "f" number of 
cycles of the signal from T reach point X. 
Since A is advancing in a straight line towards 
the signal source, it receives not only the M f' 
number of cycles it would receive if stationery 
for 1 second over point X, but simultaneously 
receives additional wavelengths of the signal 
en route between point X' and X. Therefore, 
aircraft A receives a signal which is of apparent 
higher frequency than that emitted by the trans¬ 
mitter. 

The magnitude of the preceding frequency 
shift is proportional to the speed of the aircraft 
toward T and inversely proportional to the fre¬ 
quency of the transmitted signal. The direction 
of frequency shift is dependent on the direction 
of flight relative to the signal source. The ef¬ 
fect of flight direction and speed on the direction 
and magnitude of frequency shift is illustrated 
by aircraft A, B, and C on figure 12-19. Since 
aircraft B is flying away from the signal source 
at a speed equal to the speed of A, the apparent 
frequency is lower than the transmitted signal 
but equal in magnitude to the apparent frequency 
received by A. Since aircraft C is flying in the 
same direction but approximately 1 1/2 times 
the speed of A, the frequency received by C is 
also apparently higher than the transmitted sig¬ 
nal but greaterthan that received by aircraft A. 
The apparent frequency shift is the Doppler 
effect. 

When an aircraft sets its heading toward a 
fixed ground transmitter but experiences drift 
which, if not corrected, results in a heading as 
illustrated in condition B (fig. 12-20), the Dop¬ 
pler frequency shift is proportional to the 
amount of drift, as illustrated. 

The following conditions on figure 12-20 are 
assumed: 

Aircraft A-flying with zero drift and headed 
straight toward transmitter T. 

Aircraft B-flying at the same speed as A 
but drifting past the transmitter. 



[ aircraft~a 1 
LOCATION X* 
REACHED AT 
TIME t + 1 8EC 


AQ. 244 

Figure 12-20. —Effect of drift on Doppler 
frequency shift 


In the interval of 1 second, aircraft A has 
approached closer toward the transmitter than 
aircraft B. The evidence can be seen when 
comparing the arcs scribed at Y and Y'. Be¬ 
cause of the faster rate of approach to the 
transmitter, aircraft A receives more cycles 
of the transmitted frequency per unit of time 
than aircraft B. This results in an apparent 
increase in frequency received by aircraft A 
over that received by aircraft B. The differ¬ 
ence in the Doppler effect on received frequency 
of zero drift and drift conditions suggests a 
means of determining drift angle. 

DOPPLER EFFECT IN AN/APN-122(V) 


The Doppler frequency shift previously de¬ 
scribed also occurs when the transmitter and 
receiver are in motion together, as when car¬ 
ried in an aircraft, and received signals are 
signals reflected from a fixed point on the 
earth's surface. The receiver will sense a 
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Figure 12-21. -Frequency shift: airborne transmitter-receiver with oblique beam. 


Doppler frequency shift that is directly propor¬ 
tional to the speed of the aircraft. The ratio of 
frequency shift to groundspeed will be twice 
that illustrated in figure 12-19 and 12-20, since 
a proportional shift occurs in the signal on its 
way to the earth’s surface and occurs again to 
an equal degree, during straight line flight, in 
the signal returning to the receiver. To obtain 
the largest possible frequency shift, it is neces¬ 
sary to focus the transmitted beam toward the 
earth at that angle which will yield the largest 
ratio of change in distance between the trans¬ 
mitter-receiver and the earth’s surface. The 
desired rate of change is obtained when the 
transmitted beam is inclined toward, or away 
from, the direction of the aircraft's heading. 
Figure 12-21 illustrates the Doppler shift 
sensed by an airborne transmitter-receiver in 
which the beam is focused obliquely downward 
and aft of the aircraft's longitudinal axis. 

In figure 12-21, aircraft A flies from point 
X to X' in 1 second. The signal f’ cps is re¬ 
flected from the ground toward the receiver. 
Each second the receiver recedes from the re¬ 
flected signal a distance equal to 16 wavelengths 
of frequency f’. Because each wave must catch 
up with the receiver, the time between each of 
the reflected waves is increased and therefore 
delayed in arrival which, in effect, is as if the 
reflected signal frequency f’ had decreased to 
f’-Hz. 

To sense drift and heading velocities simul¬ 
taneously, two transmitter beams are utilized 




Figure 12-22. -Beam orientation of Radar 
Navigation Set AN/APN-122(V). 
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which are directed laterally relative to aircraft 
heading as well as earthward and aft. In Radar 
Navigation Set AN/APN-122(V) the two beams 
are directed symmetrically, one to port and one 
to starboard of the aircraft's longitudinal axis. 
The orientation of the transmitter beams rela¬ 
tive to the horizontal and vertical planes is il¬ 
lustrated on figure 12-22. 

Effect of Drift on Frequency 

The Doppler effect in an aft oriented dual 
beam system is illustrated in figure 12-23. As¬ 
suming the aircraft is not drifting, simultaneous 
radiations of each beam are reflected back to 
the aircraft from separate points on the earth's 
surface. The time in transit of the microwave 
energy in each beam is a direct function of the 
aircraft velocity. If they could be seen, the 
continuous waves of transmitted energy would 
form dual traces across the earth's surface, 
these traces comprising successive instantan¬ 
eous points of reflection. 

In figure 12-23 the port transmitted beam P 
has a rate of travel equal to its corresponding 
starboard transmitted beam S. Therefore, 
points RP and RS and RP' and RS' are the in¬ 
stantaneous points of reference for determining 
the rate of travel by the received beams of air¬ 
craft A and B, respectively. In the zero drift 
condition illustrated, aircraft A maintains head¬ 
ing H from X to X’ for 1 second. The rate at 
which A recedes from reflecting points RP and 
RS is equal; therefore, the effective wavelength 
of the RF energy in beams P' and S' is equal. 
Since Doppler frequency shift is proportional to 
the relative velocity between the reflector 
(earth) and the receiver, the Doppler frequency 
shift in beams P' and S' of A is equal. In the 
drift to port condition illustrated, aircraft B 
encounters drift forces and covers ground track 
GT in 1 second. The rate at which B recedes 
from reflecting point RS' is greater than the 
rate at which it recedes from point RP'; there¬ 
fore, the distance that beam S' of aircraft B 
travels in 1 second is greater than its associ¬ 
ated beam P' in equal time by the distance from 
point Z to RS'. Since the rate of travel of ef¬ 
fective wavelength for beam S' is greater than 
for beam P’ in a port drift condition, the Dop¬ 
pler frequency shift is greater in S’ than in P\ 
If the drift were to starboard instead of port, 
the largest Doppler frequency shift would occur 
in the port beam. 

From the foregoing it can be seen that by 
using dual oblique beams, the direction of drift 


can be derived from the received beam which 
registers the least frequency shift. The veloc¬ 
ity of drift can be computed from the difference 
between the magnitude of frequency shift in each 
beam, and ground speed can be computed from 
the sum of the magnitudes of frequency shift in 
each beam. The preceding is, in general, the 
method used for deriving direction and velocity 
of drift and groundspeed in radar navigation 
sets. 

Functional Theory of the 
Radar Navigation Set 

Two narrow beams of continuous microwave 
energy are transmitted by the transmitter-re¬ 
ceiver and focused obliquely toward the earth. 
The beams are displaced laterally, one to port 
and one to starboard, and aft (fig. 12-21). A 
portion of the transmitted energy from each 
beam is reflected from the earth's surface at 
an angle sufficient to be intercepted by the re¬ 
ceiving portion of the transmitter-receiver an¬ 
tenna. Each received CW signal is mixed with 
continuous samplings of the transmitted signal, 
within the waveguide assembly of the antenna, 
then coupled to their respective port or star¬ 
board crystal detectors. The resultant differ¬ 
ence frequency output signal (f^ and f dg ) of 

each detector are proportional to the aircraft's 
velocity along the port and starboard beam 
axes, respectively. These Doppler signals are 
of equal frequency as long as the aircraft main¬ 
tains a straight line heading with no pitch or 
roll. If the aircraft drifts to port or starboard, 
its drift is sensed as a decrease in Doppler fre¬ 
quency derived from the beam that is focused 
in the direction of drift, and increase in Dop¬ 
pler frequency derived from the beam focused 
opposite to the direction of drift. 

Due to the lobe pattern of the transmitted 
beams, the reflected energy of each beam com¬ 
prises a narrow band of frequencies rather than 
a single frequency. The resultant narrow-band 
Doppler difference signals (port Doppler fre¬ 
quency and starboard Doppler frequency) are 
fed from the port and starboard crystal detec¬ 
tors, respectively, to the dual channel amplifier 
assembly where each is amplified under auto¬ 
matic gain control and then fed to the signal 
data converter. 

Using what are initially only noise inputs, 
the signal data converter initiates a search 
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CHAPTER 13 


INFRARED DETECTION 


Infrared, or IR as it is sometimes called, 
is assuming increasing importance in missle 
guidance, target detection, fire control, com¬ 
munications, and mapping. Like radar, infra¬ 
red was developed and used for military pur¬ 
poses during World War II. Unlike radar, how¬ 
ever, the use of infrared has received little 
publicity. In some military applications, infra¬ 
red energy has advantages over radar. Infra¬ 
red, used as a medium of communications, is 
usually less susceptible to counterdetection and 
interference than is radar or visible light. 
Infrared equipment is generally less complex 
than radar equipment used for similar tasks. 

ELECTROMAGNETIC SPECTRUM 

IR is a form of electromagnetic energy, with 
certain characteristics identical to those of 
light and RF waves. Among these characteris¬ 
tics, some of the more important ones are re¬ 
flection, refraction, absorption, and speed of 
transmission. Infrared waves differ from 
light, RF, and other electromagnetic waves only 
in wavelength and frequency of oscillation. 

The frequency of IR ranges from approxi¬ 
mately 300,000 megahertz to 400 million meg¬ 
ahertz. Its place in the electromagnetic spec¬ 
trum (fig. 13-1) is between visible light and the 
microwave region used for high definition ra¬ 
dars. This part of the spectrum is usually dis¬ 
cussed in terms of wavelength, and it is gen¬ 
erally accepted that the IR spectrum lies be¬ 
tween 0.72 and approximately 1,000 microns 
(1 micron equals 0.0001 centimeter). 

The IR portion of the electromagnetic spec¬ 
trum is frequently divided into the following 
three parts: 

1. The near infrared (NIR) which extends 
from the visible region out to around 1.5 mi¬ 
crons. 

2. The intermediate infrared (HR) which 
extends from 1.5 to 5. 6 microns. 

3. The far infrared (FIR) which extends 
from 5. 6 microns to microwave frequencies. 

Some confusion in terminology exists be¬ 
cause infrared energy is so close to the visible 
range of wavelengths in the electromagnetic 


spectrum. Thus, it is not uncommon to hear 
references to "infrared light," although the 
term is inaccurate. Infrared waves are also 
loosely referred to as heat waves, because of 
the well-known fact that a solid object subjec¬ 
ted to radiation by infrared energy undergoes 
an increase in temperature. Heat differs from 
infraredwaves in much the same way that elec¬ 
tricity differs from radio waves. 

INFRARED RADIATION 

All objects above absolute zero (0° K or 
-273° C or -460° F) emit infrared radiation. 
Radiation from any given object is emitted over 
a wide range of wavelengths, but it reaches a 
peak at one particular wavelength. This point 
is of considerable interest in military applica¬ 
tions, as will be shown later. Detection of in¬ 
frared energy depends on the contrast between 
IR from the source under consideration and the 
radiation emitted by the background. A cold 
object with a warm background has just as good 
target definition as a warm object with a cold 
background. 

There are a number of advantages in using 
IR for target detection rather than some other 
form of electromagnetic transmission. Among 
these are the following: 

1. IR systems are passive. 

2. Althought IR systems can be confused, 
complete jamming is just about impossible. 

3. Military targets are usually good sources 
of IR. 

4. IR systems may be made smaller, 
lighter, less complex, and less expensive than 
other comparable systems. 

5. IR systems have higher target resolu¬ 
tion. 

EMISSIVITY 

One of the most useful concepts employed 
when working with IR is the "black body." A black 
body is defined as an object which absorbs all ra¬ 
diation incident on it. Conversely, the radiation 
emitted by a black body is the maximum pos¬ 
sible for any given temperature. This black 
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Figure 13-1.-Electromagnetic spectrum, showing different wavelength 
units used in different bands of the spectrum. 


body is then a perfect absorber and radiator of 
IR at all temperatures and for all wavelengths. 

In order to compare the radiation emitted 
by an actual source with that of a perfect ra¬ 
diator, the concept of emissivity is employed. 
Emissivity is defined as the ratio of the total 
radiation emitted by any object at any tempera¬ 
ture (T) to the total radiation which would be 
emitted by an ideal black body at the same tem¬ 
perature. The emissivity of any object depends 
on the amount of energy its surface can absorb. 


If the surface absorbs most of the IR striking 
it, then it will emit a relatively high amount of 
radiation, and the emissivity of the object will 
be comparatively large. By the same reason¬ 
ing, if the surface reflects most of the incident 
radiation, the object will have a relatively 
small emissivity. By definition, a black body 
has an emissivity of unity. Therefore, any 
other object will have an emissivity of less 
than one. Table 13-1 shows the emissivity of 
various surfaces. 
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_ Chapter 13-INFRARED DETECTION _ 

Table 13-1.-Emissivities of various surfaces rectly proportional to the fourth power of the 

absolute temperature, expressed as 


Surface 

Emissivity 

Black body 

1.00 

Lampblack 

0.95 

Painted 

0.90 

Steel, cold-rolled 

0.60 

Aluminum paint 

0.25 

Steel, stainless 

0.09 

Aluminum aircraft skin 

0.08 

Aluminum foil 

0.04 

Silvered mirror 

0.02 


Laws of Emissivity 


The basic laws which describe the charac¬ 
teristics of IR were developed first for black 
body radiation, the ideal case, and then modi¬ 
fied to describe the radiation from any source. 

The most important parameter in deter¬ 
mining the IR characteristics of any body is its 
temperature. As the temperature of an object 
changes, two specifics changes in the IR char¬ 
acteristics take place: The wavelength where 
peak radiation occurs is shifted, and the total 
energy radiated varies with the fourth power of 
the temperature. These fundamental relation¬ 
ships are given* by two laws which are dis¬ 
cussed in the following paragraphs. 

WIEN'S DISPLACEMENT LAW.-This law 
states that the wavelength at which maximum 
radiation occurs, Xm is inversely proportion¬ 
al to the absolute temperature of the body. 
This can be expressed by 



where the wavelength is given in microns, and 
the constant (K) has a value (for a black body) 
of about 2, 900. For example, a block of ice 
emits its peak energy at about 10 microns, while 
energy emitted from a jet aircraft engine peaks 
at about 3.5 microns. The relationship is 
shown in figure 13-2. 

STEFAN-BOLTZMANN LAW.-This law 
states that the radiation intensity, E, is di- 


E = oT 4 

where E has dimensions of power per unit area 
and cr is the proportionality constant. In other 
words, if the temperature of an object is dou¬ 
bled, the radiation emitted from the object will 
be 16 times as much. 

The Stefan-Boltzmann Law can be modified 
to include the emissivity factor; and by using 
the right units, the total radiation can be ob¬ 
tained by 

E = eoT 4 

where e is the emissivity factor of the radi¬ 
ating surface. . 

A black body at an absolute temperature of 
300° (81° F) will radiate 46 milliwatts of power 
per square centimeter of its surf ace. A 
painted surface, such as the skin of a commer¬ 
cial airliner, at the same absolute tempera¬ 
ture will radiate 41 milliwatts per square cen¬ 
timeter. If this aluminum aircraft skin were 
not painted, the emissivity factor would be con¬ 
siderably smaller, and the radiation would be 
less than 4 milliwatts of power per square cen¬ 
timeter. 

As mentioned previously, IR from a source 
will be distributed over a good part of the spec¬ 
trum, but the maximum radiation occurs at 
some specific wavelength. Figure 13-3 shows 
the distribution of energy radiated from a black 
body at various temperatures. 

As an example, IR from jet and rocket en¬ 
gine exhaust plumes is primarily due to the 
molecular excitation of water vapor and carbon 
dioxide which are characteristic byproducts of 
combustion. This molecular radiation peaks 
at 2.7 microns (due to water vapor and carbon 
dioxide) and 4. 3 microns (due to carbon dioxide 
alone). In a practical situation, however, 
more usable radiation is obtained from the hot 
tailpipe and other heated surfaces. 


TRANSMISSION CHARACTERISTICS 

In military applications of IR systems, the 
transmitting medium is generally the atmos¬ 
phere. The effect of the atmosphere on the 
transmission of IR is a very important factor 
in considering the overall effectiveness of the 
system. 
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Figure 13-2. -The wavelength of the peak radiation from a black body 
in relation to its temperature. 


Atmospheric Absorption 

There are two primary causes of atmos¬ 
pheric attenuation: scattering by suspended 
solids, and absorption by free molecules. 
These two influences on the attenuation are ad¬ 
ditive, but the absorption is the most impor¬ 
tant factor. 

The amount of scattering caused by parti¬ 
cles depends on the relationship between the 
wavelength of the radiated energy and the size 
of the particles. If the wavelength involved is 


considerably shorter than the dimensions of the 
particles, then the scattering is just about 
independent of wavelength. Since this is gen¬ 
erally the case in the IR spectrum, the atten¬ 
uation due to scattering can be measured at 
one wavelength and then applied over a rela¬ 
tively wide band of wavelengths. 

This technique does not work, however, 
with attenuation due to molecular absorption. 
The amount of absorption is closely connected 
with the wavelength. The two substances in the 
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Figure 13-3. -IR distribution curves for a black 
body at various temperatures. 


AQ. 250 


atmosphere which absorb the most radiation 
are water vapor and carbon dioxide. In both 
of these substances, there are several wave¬ 
length bands where the absorption is relatively 
large. This condition is caused by molecular 
resonance. (Each molecule has a "natural fre¬ 
quency" of vibration, or resonant frequency.) 

The resonant frequencies of these mole¬ 
cules are in the infrared region, and their 
structure is such that this natural vibration 
creates an oscillation of electric charge in the 
molecules which increases the absorption. At 
low altitudes, where the atmosphere is more 
dense, this absorption is so great that in some 
wavelength bands the percentage of radiation 
transmitted drops rapidly to zero. Between 
these absorption bands are areas where the 
atmospheric attenuation is not so great. These 
transmission bands are called "windows." The 
transmission windows in the atmosphere are 
approximately as shown in table 13-2. 


Table 13-2. - Wavelength limits of IR transmis¬ 
sion windows in the atmosphere. 


0.95 - 

1.05 

microns 

1.2 - 

1.3 

microns 

1.5 - 

1.8 

microns 

2.1 - 

2.4 

microns 

3.0 - 

5.0 

microns 

8.0 - 

12.0 

microns 


Figure 13-4 shows the transmission char¬ 
acteristics of the atmosphere at two different 
altitudes. It will be noted by reference to fig¬ 
ure 13-4 that the 2. 7 and 4. 3 micron radiation 
readings from a jet exhaust plume occur at fre¬ 
quencies of high absorption. The radiation result¬ 
ing from hot tailpipe surfaces is a function of tail¬ 
pipe material and temperature, usually peak¬ 
ing at about 3. 5 microns. This frequency is in 
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Figure 13-4. -Atmospheric transmission characteristics. 
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Figure 13-5.-Simple IR optical arrangement. 
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the region of an atmospheric window or low 
absorption band. It will also be noted that the 
absorption bands are much narrower at high 
altitudes due to the thinner atmosphere. These 
absorption bands will, therefore, be of lesser 
consideration in the design of high altitude 
systems. 

OPTICAL DEVICES 

Because of the similarity between infrared 
and visible light, optical devices are usually 
employed to gather and focus the infrared radi¬ 
ation upon the detector. A simplified infrared 
optical arrangement is shown in figure 13-5. 
This illustration shows a simple optical system 
which could be used to focus IR radiation. The 
entire system is enclosed within a protective 
housing to protect the detector and optical sys¬ 
tem from the weather. The dome is a continu¬ 
ation of the protective housing and must be able 
to pass infrared radiation easily. 

Typical materials from which domes are 
fabricated include glass, quartz, synthetic 
sapphires, germanium, and silicon. The 
transmission coefficient of the optical material 
is an important factor in the design of infrared 
equipment. For NIR, and generally for HR, 


glass and quartz are satisfactory. Figure 13-6 
shows that glass, quartz, and synthetic sap¬ 
phires have excellent transmission character¬ 
istics in the visible and near infrared regions. 
They cut off sharply in the middle infrared re¬ 
gion. Optical glass is completely opaque to 
wavelengths longer than 3 microns, quartz cuts 
off at 4 microns, and synthetic sapphire loses 
its transparency at wavelengths greater than 6 
microns. 

Germanium and silicon are semiconductor 
materials which are opaque to visible light and 
transparent throughout most of the near and 
middle infrared regions. 

A wholly different type of optics is required 
for FIR. Single crystals of silver chloride, 
rolled flat, are satisfactory windows for the 
transmission of FIR. Sodium chloride (rock 
salt), grown in single crystals and cut and 
ground into a lens or window, is excellent. 
However, rock salt is highly soluble in water 
and must be protected from the atmospheric 
moisture. Therefore, rock salt is not practi¬ 
cal to use as an IR dome material. 

There are a number of problems involved 
in the design of IR optical systems. The ma¬ 
terial used must match the wavelength to which 
the detector will respond. Optical materials 
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Figure 13-6. - Wavelength vs. transmission coefficient. 
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are generally weak physically, and many have 
a low resistance to high temperature and ther¬ 
mal shock. Chemical reactions and pressure 
will change the properties of some materials. 

Another vital problem is that of system 
neating. If any part of the system becomes 
heated by energy it has absorbed, this energy 
will be reradiated at wavelengths that differ 
from those of the original radiation. If the de¬ 
tector is sensitive to these new wavelengths, 
this source which is much closer than the target 
will obscure the target or cause ’’ghost” images. 

Attenuation in optical materials is primar¬ 
ily due to two things: surface reflections, 
usually overcome by antireflection coatings; and 
attenuation by the material. The latter is the 
more serious problem. 

IR systems often have a chopping reticle in 
the principal focal plane. The chopper is gen¬ 
erally a rotating disk with some clear and 
some opaque areas. Although a chopper is not 
absolutely necessary in a search system, it 
has several useful properties. The chopping 
rate furnishes a conveniently high carrier fre¬ 
quency for the electronic amplifiers. The ret¬ 
icle pattern can operate as a discriminator or 
filter. For example, it can be designed for the 
type of backgrounds expected in order to pro¬ 
vide better differentiation of target and back¬ 
ground. 

Optical filters are used in IR instruments 
to isolate certain wavelength regions of inter¬ 
est, such as atmospheric windows, and to 
screen out undesired wavelengths. Three gen¬ 
eral types of filters are as follows: 

1. Those which pass short waves. 

2. Those which pass a particular band of 
waves. 

3. Those which pass long waves. 

DETECTORS 

The most critical component of any IR sys¬ 
tem is the detector. The characteristics of the 
atmosphere and the source, if it is a military 
target, cannot be changed. Optical materials 
are somewhat standardized, as are display 
devicesand control circuits. Although research 
and development in the last decade has resulted 
in some very good all-round detectors, it is 
still necessary to use care in choosing the pro¬ 
per one for a particular application. 

Many variables must be considered in the 
choice of a detector. The characteristics of 
the radiation involved will determine which 


type of detector will best fit the needs of the 
system. 

DETECTOR CHARACTERISTICS 

In order to compare the relative merits of 
different detectors in different situations, it is 
necessary to introduce several parameters of 
detector operation. These parameters make it 
possible to discuss the characteristics of a 
particular detector in terms which can be ap¬ 
plied to any detector. 

Responsivity 

When IR strikes a detector material, either 
photoelectric or thermal, a change takes place 
which produces an electrical output signal, in¬ 
dicating that the material has been exposed to 
IR. The amount of signal produced by each 
unit of input radiation intensity is called the 
responsivity (R) of the detector, and is ex¬ 
pressed as 

_ output 
input 

generally in volts per watt. Many factors in¬ 
fluence the responsivity, such as temperature 
of the detector and source, detector area, 
spectral distribution of the radiation, detector 
time constant, etc. 

Spectral Response 

One important influence on the responsivity 
of a detector is the change in detector sensi¬ 
tivity with changes in the wavelength of received 
radiation. The spectral limit of responsivity 
is considered to be the wavelength where the 
responsivity is half that of its maximum value. 
Since the spectral response is a non-linear 
characteristic, it must be known for each 
wavelength considered, and any discussion of 
values must include the details of the condi¬ 
tions involved. 

Time Constant 

In any IR scanning system, the time con¬ 
stant of the detector must be such that the de¬ 
tector can fully respond before the radiation 
intensity changes. The time constant is con¬ 
sidered to be the time required for the detector 
to develop 63 percent of its maximum output 
signal. The maximum scanning rate is de¬ 
pendent upon this time constant. 
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Noise 

Noise exists in any circuit that carries cur¬ 
rent. Most outside noises can be eliminated or 
drastically reduced by shielding and proper 
design, but thermal noise is an ever-present 
problem. 

Power supplies employed with IR detectors 
must be extremely well filtered. Since the IR 
radiation received by the detector is very 
small, noise of any appreciable amount could 
be sufficient to make weak IR signals or cause 
false targets. Transistors, for an example, 
are useless in IR amplifiers because of their 
inherent noise characteristics. 

Many different types of noise are generated 
within IR systems. Among these, the most 
important are as follows: 

1. Current noise, caused by bias currents 
within the detector. 

2. Johnson (thermal) noise, caused by 
thermal fluctuations in the detector material. 

At low bias voltages, current noise is neg¬ 
ligible and the output noise voltage consists 
almost entirely of Johnson noise. The current 
noise increases linearly with bias voltages and 
may eventually become the primary source of 
noise. 

NOISE EQUIVALENT POWER.-Another 
useful and important detector parameter is the 
noise equivalent power (NEP) of a detector. 
NEP is the radiation power in watts which must 
strike a detector to produce a signal response 
from the detector equal to the noise output (in 
other words, signal to noise ratio of 1) over a 
reference bandwidth. 

When comparing two different IR detectors, 
the one with the lower NEP has the higher use¬ 
ful sensitivity. Since this tends to be confusing, 
another parameter is used-the detectivity. 
This figure is simply the reciprocal of the 
given NEP of a detector, so that the higher de¬ 
tectivity a cell has, the higher is its useful out¬ 
put. For example, a detector with an NEP of 

- 9 8 

4.0 x 10 will have a detectivity of 2. 5 x 10 . 

The best IR detector would be one having 
the greatest possible responsivity, the widest 
possible spectral response within the frequency 
band of interest, and the lowest possible NEP 
(or highest possible detectivity). A properly 
chosen detector, with the necessary operating 
conditions, might have a maximum range of 90 
miles .with a signal to noise ratio of 5 from a 
1 square meter target at 300° Kelvin. This 


range is equivalent to an ability to detect IR 
emitted by a cubic inch of ice at 3 miles. 

Photodetectors 

The three major types of photodetectors are 
photoconductive, photovoltaic, and photoemis- 
sive. Signal to noise ratio of the detector is 
the limiting factor in determining its effective¬ 
ness. These are used in the near infrared 
spectrum. 

Photoconductors use a semiconductor crys¬ 
tal that absorbs the photon energy from the ra¬ 
diation which strikes the surface of the crystal, 
changing its resistance or conductivity. Quite 
a number of materials have been used for this 
type of photodetector, including lead sulfide, 
lead telluride, lead selenide, cadmium sulfide, 
and many others. Gold-doped germanium has 
been established as a good detector material, 
but some difficulties, such as the long time 
constant, must be considered. 

Photovoltaic cells are similar to solar cells. 
These are semiconductors with a high resist¬ 
ance photosensitive barrier between the two 
layers. When exposed to IR, this cell builds 
up a potential difference between the two layers. 

Photoemissive cells operate on the princi¬ 
ple that electronic emission is caused by ex¬ 
posing the cathode to IR. In this type of emis¬ 
sion, the number of electrons emitted depends 
on the intensity of the IR striking the cathode. 

THERMAL DETECTORS 

Thermal detection is accomplished by 
sensing the change in temperature of the de¬ 
tector material as a result of IR striking its 
surface. There are three different types of 
sensing elements employed in modern detec¬ 
tors to sense this temperature change. These 
are as follows: 

1. The thermopile, which is a series com¬ 
bination of several thermocouples. 

2. Bolometers, which sense the change in 
resistance of the detector material. 

3. Pneumatic cells, which use the expan¬ 
sion of a gas as an indicator. 

Thermocouple 

One of the basic heat detectors is the ther¬ 
mocouple. When two dissimilar metals such 
as iron and copper are joined together and heat 
is applied to the junction, a measurable voltage 
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will be generated between them. Figure 13-7 
shows a basic thermocouple. 

The voltage difference between two metals 
is quite small, but the sensitivity can be in¬ 
creased to a point at which the thermocouple 
becomes useful as a detector of IR. The in¬ 
crease in sensitivity is obtained by connecting 
or stacking a number of thermocouples in 
series, so that they form what is known as a 
thermopile. The complete thermopile action 
is similar to that obtained when a number of 
flashlight cells are connected in series; that is, 
the output of each individual thermocouple is 
added to the ouput of the others. Thus, ten 
thermocouples, with individual output voltages 
of 0.001 volt, would haveatotal output of 0. 010 
volt when connected in series. 

The effective sensitivity of a thermopile 
can be further increased by mounting it at the 
focal point of a parabolic reflector. When this 
method is used, IR given off by the target is 
focused on the thermopile by the reflector. 

Bolometers 

A bolometer is a very sensitive material 
whose resistance will vary, depending on the 
amount of IR to which it is exposed. There 
are two main classes of bolometers-barretters 
and thermistors. 

A barretter consists of a short length of 
very fine wire (usually platinum) which has a 
positive temperature coefficient of resistance. 
(A substance has a positive temperature coef¬ 
ficient if its resistance increases with temper¬ 
ature, and a negative coefficient if its resist¬ 
ance decreases with an increase in its temper¬ 
ature.) 


The thermistor is a type of variable resis¬ 
tor made of semiconducting material, such as 
oxides of manganese, nickel, cobalt, selenium, 
and copper. The thermistor has a negative 
temperature coefficient of resistance. Ther¬ 
mistors are made in the form of beads, disks, 
rods, and flakes, some of which are shown in 
figure 13-8. 



The heat sensitive materials of thermistors 
are mixed in various proportions to provide the 
specific characteristics of resistance versus 
temperature necessary for target detection. 

Figure 13-9 shows the change in resistance 
which can be produced in a typical thermistor 
material and in a barretter. This comparison 
shows that the thermistor has the steeper tem¬ 
perature coefficient of resistance curve, and 
therefore is the more sensitive of the two sen¬ 
sors. 

One simple type of infrared detector con¬ 
sists of two thin stripes of platinum which are 
used to form two arms of a Wheatstone bridge. 
To increase the thermal sensitivity of the 
strips, each is blackened on one side. The IR 
to be measured is applied to one of the strips, 
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Figure 13-10. -Infrared detecting device. 
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and is absorbed by its balckened surface. As 
the strip absorbs heat, its resistance changes 
and unbalances the bridge. The imbalance 
causes a change in current produced by an ex¬ 
ternal voltage applied to the input terminals of 
the bridge. 

A device of this kind is shown in figure 
13-10. It consists of four nickel strips 
supported by mounting bars, which have elec¬ 
trical leads attached to them. A silvered par¬ 
abolic reflector (mirror) is used to focus the 
IR on the nickel strips. The change of resist¬ 
ance in the strips produces unbalanced condi¬ 
tions in the bridge circuit which can be used to 
produce correction signals. 

Pneumatic Cell 

Another unique infrared detector is the 
pneumatic cell or GOLAY detector shown in 


figure 13-11. This detector is actually a min¬ 
iature heat engine. 

Infrared energy entering the window causes 
expansion of a volume of. gas located between 
the reflecting diaphragm and the window. The 
lamp at the after end of the detector emits a 
light beam which is focused by the lens and 
then passes through the grid and onto the re¬ 
flecting diaphragm. The expansion and con¬ 
traction of the gases between the window and 
diaphragm will cause the diaphragm to change 
its shape in response to changes in the amount 
of infrared energy entering the window. 

Changes in shape of the diaphragm will 
cause its light-reflective properties to vary 
accordingly, modulating its light output. The 
light reflected from the diaphragm will then 
pass back through the grid which is designed to 
intensify the variations of the reflected light. 
After passing through the grid, some of the 
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Figure 13-11. -Golay detector. 


light strikes the mirror and is reflected to a 
photocell of high sensitivity (not shown in the 
figure). The modulated output of the photocell 
is a voltage proportional to the intensity of the 
IR entering the window. 

The Golay detector has the most rapid re¬ 
sponse of any infrared detector, but it can 
operate only when radiant heat is received in¬ 
termittently. An optical chopper may be used 
to interrupt the flow of IR to the cell period¬ 
ically. Another advantage of the Golay detec¬ 
tor is its extremely wide bandwidth, making it 
a good choice for use in IR spectrum analysis. 

APPLICATIONS 

Military and industrial applications of IR 
have grown in number considerably in the last 
decade. A complete discussion of all applica¬ 
tions would be beyond the scope of this manual. 
However, some of the systems and concepts 
applicable to military situations are discussed 
in the following paragraphs. 

MILITARY USES OF INFRARED 

Infrared devices found their first military 
uses during World War II as a snooperscope 
which operated in total darkness and outlined 
enemy troops by the heat radiated from their 
bodies. A rifle with a device known as the 
sniperscope made it possible to see a target in 
total darkness and fire with normal accuracy 
without the enemy becoming aware of one's 
presence. 

Since infrared is invisible but behaves much 
like visible light (that is, it can be reflected 
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and controlled in a beam pattern), it has 
served as a means of communication for spec¬ 
ific wartime purposes. Development of equip¬ 
ment which would receive the invisible light 
was the foundation for the design and success¬ 
ful use of some highly important weapons. In¬ 
frared, when used for shortrange communica¬ 
tion between sea-level stations, such as ships, 
affords excellent security. Infrared rays are 
limited to line of sight, and are rapidly atten¬ 
uated at sea level; thus, IR acts in favor of se¬ 
curity for shortrange communications. Mili¬ 
tary use of infrared for communications there¬ 
fore requires a powerful source that can be 
modulated and sensitive receivers for detecting 
the modulated source. Such sources and re¬ 
ceivers have been developed for near infrared 
energy. 

Infrared is used in photography as it is ef¬ 
fective against camouflaged targets. Night pho¬ 
tography using infrared can produce a better 
visual presentation of terrain than the best 
mapping radar. 

Infrared has invaded the navigation field. 
Groundspeed indicators are being developed 
that will compete with Doppler Radar. Anti¬ 
collision circuits are under experimentation. 

IR is also used in image forming devices, 
thermal or ship detection, and infrared radar. 
The portable infrared detector (PID) is a pas¬ 
sive far infrared (FIR) equipment used for the 
detection of personnel, vehicles, tanks, small 
boats, and ships. It detects the difference in 
temperature between a body and its immediate 
background and provides and audible signal out¬ 
put. A larger far infrared system for ship de¬ 
tection is the stabilized ship detector (SSD). 
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This provides a permanent record of the true 
bearing of all targets that are detected within 
the angle scanned. Infrared radar uses a 
pulsed IR source and receives reflected IR 
energy as in microwave radar. 

Infrared has excellent application to guided 
missiles. Military targets, such as ships, 
factories, and aircraft, are normally warmer 
than their surroundings. The presence of 
these targets may be detected by the heat radi¬ 
ation they emit. The radiation of heat at lower 
temperatures is particularly important in the 
passive detection of surface targets, since 
there is no economical way by which the enemy 
can camouflage his self-radiated heat. 

The Felix bomb was the first guided missile 
to utilize IR. It was automatically guided by an 
infrared homing device in the nose of the bomb. 
The Felix bomb was thoroughly tested and de¬ 
clared reliable and adequate for operational 
use, but World War II ended before it could be 
used under combat conditions. This opened the 
way to a new and different method of guidance, 
infrared homing. 

Homing guidance systems control the path 
of the missile by a device in the missile that 
reacts to some distinguishing feature of the 
target. They are the most accurate of all gui¬ 
dance systems. Homing systems are divided 
into the following three types, depending upon 
the source of target radiations: 

1. Active homing-both the source which 
illuminates the target and the receiver which 
detects the echoes are carried in the missile. 


2. Semiactive homing-the target is illumi¬ 
nated by some source outside the missile and 
the missile receiver utilized the target reflec- 

ons. 

3. Passive homing-the missile receiver 
detects the natural radiation of the target. 

Active and semiactive types generally use 
radar, whereas passive types use heat or light, 
or in some cases, home on a radio or radar 
transmitter. 

The Sidewinder is probably the simplest and 
cheapest of all guided missiles. It uses an in¬ 
frared homing system and is designed to de¬ 
stroy high-performance aircraft from sea level 
to about 50,000 feet. 

The experimental Midas satellite, which was 
launched by the United States, employs infra¬ 
red principles. It is equipped with an infrared 
scanning device capable of instantaneous spot¬ 
ting and reporting of the launching of a hostile 
ballistic missile. It is expected to provide 
complete and constant scanning of the earth's 
surface. Flashing an alarm of the blast-off of 
enemy missiles, would give the United States 
30 minutes to prepare for nuclear bombard¬ 
ment. 

While it is unlikely that radar will ever be 
entirely replaced by IR, it is already an estab¬ 
lished fact that IR possesses certain advanta¬ 
ges over radar. It is expected that radar and 
IR will work as a team in many applications, 
such as fire control, guidance, and even 
search. 


368 


Digitized by Google 



CHAPTER 14 

TYPICAL AIRBORNE MISSILE CONTROL SYSTEM 


The purpose of this chapter is to provide 
information on a typical airborne missile 
control system which the technician may be 
required to maintain. The Aviation Fire Con¬ 
trol Technician is primarily concerned with 
missile guidance and control equipment in¬ 
stalled in the aircraft. The missile itself 
contains guidance and control equipment which 
is not necessarily a matter of concern for the 
AQ; however, it is essential that he have a 
basic understanding of the fundamentals of mis¬ 
sile guidance and control relative to the mis¬ 
sile itself. 

A general description of a typical airborne 
missile control system includes the purpose 
of the system, aircraft equipment, and the 
fundamentals of missile guidance and control. 

The primary purpose of the airborne mis¬ 
sile control system (AMCS) is to assist the 
pilot in carrying out attacks against enemy 
aircraft with a high probability of success un¬ 
der all environmental conditions. The inter¬ 
cept problem posed by this type of missionre- 
quires that the system enable the pilot to na¬ 
vigate to the target area, find and identify the 
target, acquire the target, and track it 
throughout the attack. The system must pre¬ 
sent steering information to the pilot by means 
of a radar indicator. 

When the target is within firing range, the 
system must indicate this to the pilot, and 
furnish anticollision warning for recovery from 
the attack course. Normally this anticollision 
warning is in the form of a visual breakaway 
"X" on the indicator, although it may be an 
audible tone applied to the pilot’s headset. 
Some systems also provide the pilot with a 
course to take (indicator presentation) upon 
breakaway to prevent flying through any of the 
target’s debris. The system must function 
equally well for either firing guns or launch¬ 
ing aircraft rockets. 

The discussions in the course thus far have 
been limited to radar components. Chapters 
5, 7, 8, 9, and 11 discussed the individual 
radar components. In this chapter they are 
presented as a complete system. 


Missile guidance or missile control sys¬ 
tems installed in naval aircraft are the out¬ 
growth of intercept systems. Missile guidance 
systems are basically intercept systems with 
missile guidance capabilities. Systems de¬ 
signed primarily for the guidance and control 
of missiles are referred to as airborne mis¬ 
sile control systems. 

Usually the air intercept (AI) radar set 
makes up the greater portion of the system 
with the remainder being made up of the CW 
radar group, flight data unit, vertical gyro, 
two-plane rate gyros, and range adapter and/ 
or converters. These components and their 
associated equipment are discussed in greater 
detail in Aviation Fire Control Technician 3 
& 2, NavPers 10387, and it will behoove the 
reader to review the pertinent sections that he 
is not thoroughly familiar with at this time. A 
thorough understanding of these components 
combined with a good knowledge of basic elec¬ 
tronics should be sufficient to allow adequate 
understanding of the material presented in this 
chapter. 

The equipment discussed in this chapter in¬ 
corporates both the air intercept system and 
the CW radar set group. The intercept system 
may work independently of the CW radar group 
as search or mapping radar, or it may be used 
in conjunction with a computer group as both 
a radar director system and a disturbed ret¬ 
icle (visual) system. 

In the visual day fighter installation, the 
pilot acquires the target visually and flies the 
aircraft so as to keep the target in his gunsight. 
The essential companion equipment of the mis¬ 
sile contains the following: 

1. The illuminator radar, a small, low 
powered CW system that provides no auto¬ 
matic aiming features but which includes both 
transmitting and receiving functions. 

2. The launching equipment, consisting of 
finite length launchers and pylons for under¬ 
wing suspension of the missiles. 

3. The necessary wiring and cabling, the 
cockpit controls and indicators, and the relays 
which operate the firing circuits of the weapons. 
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Figure 14-1.-Block diagram 

The illuminator radar unit may be mounted 
in an external stores package such as a wing 
pod, or in the nose of the aircraft. 

In all-weather fighter installations, the 
total equipment includes the same basic units 
in addition to an aircraft radar intercept (AI) 
system, usually of the pulse type. In the pulse 
AI installation, illumination of the target with 
CW radiation is accomplished by means of an 
auxiliary unit which injects the CW energy into 
the waveguide plumbing of the pulse radar. 
The principal components of a typical illumina¬ 
tor installation, which are associated with 
control of the missile, are indicated by the 
simplified block diagram in figure 14-1. 

Upon acquisition of the target, the AI radar 
measures the closing speed and the target 
range and applies the information to the range 
interlock unit. 

The range interlock unit receives the radar 
information and combines it with altitude and 
aircraft airspeed data to determine if the tar¬ 
get is within the zone of effectiveness of the 
missile. If within this zone, the interlock is 
closed, allowing the missiles to be fired at the 
discretion of the pilot. 

While the weapons are on the launching 
racks, the guidance circuits are placed in op¬ 
eration and the speed gate is locked on a 
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of an illuminator installation. 

pseudo signal generated by the CW radar sys¬ 
tem. Successful locking on this signal indi¬ 
cates proper operation of the missile guidance 
equipment and verifies that the receivers are 
tuned to the illuminator emissions. Failure to 
lock-on the pseudo signal by any missile will 
automatically hold fire on that particular 
weapon. When lock-on has been accomplished, 
a Sim-Dop signal is applied by the lock indica¬ 
tor to the missile relays; and this voltage, to¬ 
gether with the enabling signal from the inter¬ 
lock unit, permits the pilot’s firing button to 
energize the firing circuits. 

At launch, the missile guidance receiver 
begins automatic search for the target, receiv¬ 
ing the CW signals emitted by the illuminator 
radar both directly and by reflection from the 
object. 

FUNDAMENTALS OF MISSILE 
GUIDANCE AND CONTROL 

To have a better understanding of theprob- 
lems involved with effectively directing a mis¬ 
sile to the target, the technician must become 
familiar with the fundamentals of missile 
guidance and control. Guided missiles differ 
from gun and rocket projectiles in that gun and 
rocket projectiles are committed to a given 
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course at the instant of firing, while the course 
of a missile is altered during flight. The mis¬ 
sile fire control problem must be continuously 
solved. To accomplish this, the four functions 
which must be performed are as follows: (1) 
tracking; (2) computing; (3) directing; and (4) 
steering. 

The necessary components for the perform¬ 
ance of all the functions may be located en¬ 
tirely within the missile itself, or some may 
be located in the launching aircraft. It should 
be apparent that the Aviation Fire Control Tech¬ 
nician is primarily concerned only with those 
components located in the aircraft. 

A precise comparison between the gun and 
rocket fire control problem and the missile 
fire control problem is difficult to make. In 
naval aircraft, the gun and rocket fire control 
problem is continuously solved from the start 
of the run until the projectile is fired; but the 
solution of the missile fire control problem 
continues until the missile strikes the target. 

MISSILE FIRE CONTROL PROBLEM 

There are three phases to the missile fire 
control problem; namely, prelaunch aiming, 
guidance, and control. Together they deter¬ 
mine the proper flightpath for the missile and 
control the missile so that it follows this path. 

Prelaunch Aiming Phase 

The prelaunch aiming may be considered to 
be similar to the aiming problem for unguided 
weapons (guns and rockets), but with a wider 
tolerance for aiming errors. It might also be 
considered to be an essential part of the guid¬ 
ance phase. 

Guidance Phase 

The guidance phase of the missile fire con¬ 
trol problem is concerned with that portion of 
the problem which determines the missile's 
course to the point of interception. The guid¬ 
ance system must perform three functions- 
tracking, computing, and directing. (NOTE: 
Guidance in semiactive homing usually in¬ 
volves the use of radar and computing equip¬ 
ment necessary to determine how a missile's 
course must be changed to intercept the tar¬ 
get.) 

Tracking is the process of continuously 
determining the relative positions of the target 
and the missile. Tracking may be done by 


visual observation, the use of radar, or any 
other process which utilizes some distinguish¬ 
ing feature of the target. The tracker may be 
located in the missile itself or in the launching 
aircraft. 

Computing is the process of determining 
course corrections, both magnitude and direc¬ 
tion, which the missile must make to score a 
hit. The computing system may be elaborate 
or simple, but all systems utilize tracking 
data received from the tracking system. The 
computing equipment may be installed in either 
the missile or the launching aircraft. 

Directing, as the term implies, is the pro¬ 
cess of directing or telling the missile what 
course corrections must be made. The output 
of the computing system furnishes correction 
data which is transmitted to the missile's con¬ 
trol system, to accomplish steering. A com¬ 
puting system, located in the launching air¬ 
craft, must transmit course correction data to 
the missile. Radio waves are normally utilized 
to complete the data transmission loop. 

Control Phase 

The control phase is concerned with the 
performance of the steering function previously 
mentioned. The steering function deals with 
the aerodynamic portion of the missile fire 
control problem which, when properly per¬ 
formed, provides smooth and stable flight of 
the missile. The steering function is per¬ 
formed by the control system consisting of 
equipment required for converting steering or 
guidance signals to movement of the missile's 
control surfaces. The control system is con¬ 
tained entirely within the missile itself and is 
of little concern to the Aviation Fire Control 
Technician except to provide a better under¬ 
standing of the overall system. 

METHODS OF GUIDANCE 

In operations involving air to air missiles, 
the target is usually located a short distance 
from the launching platform when compared 
with the surface to surface missile operations. 
In most cases the target is also relatively 
small and highly maneuverable. Therefore, 
a guidance method is required that is capable 
of making continuous corrections to the flight- 
path and which can respond rapidly to changes 
in the position of the target. The guidance 
systems must be suitable for use with maneu¬ 
verable launchers, since air launched missiles 
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ar« carried either on pylons attached to the 
wing or on some enclosed or retractable 
mechanism. 

Tlie guidance methods most suitable for 
the»e conditions are the beam rider and the 
homing methods. The other guidance methods 
ar« the baseline and the self-contained; how¬ 
ever, they are unsuitable and find limited ap¬ 
plication with airborne missiles. 

Beam Rider Method 

In the operation of the beam rider method 
the target is tracked by a radar beam (usually 
that of a radar set carried by the launching 
aircraft), and the missile responds to the beam 
by means of a receiver. The output of the re¬ 
ceiver consists of error signals which, when 
applied to the control system, cause the mis¬ 
sile to remain in the center of the radar beam 
until it collides with the target. Figure 14-2 
illustrates the beam rider guidance method. 

RADAR BEAM LOCKED 
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Figure 14-2. -Beam rider guidance method. 


Missiles controlled by the beam rider 
method are subject to direct control by the 
launching aircraft radar. Once the target has 


been acquired by the aircraft radar, automatic 
tracking devices keep the radar beam continu¬ 
ously on the target. An automatic homing de¬ 
vice may also be used to control the missile 
during the final stage of its flight. 

Homing Method 

With the homing method of guidance, the 
path of a missile can be changed, after launch¬ 
ing, by a device in the missile that reacts to 
some distinguishing feature of the target-such 
as heat, light, or reflection of radar waves. 
A homing device, usually placed in the nose of 
the missile, picks out the target and then 
directs the missile to the target. 

The best homing systems make use of heat 
radiation and reflection of RF energy. These 
systems are accurate, and the missile may be 
expected to hit its target if released within its 
range of operation. 

Homing guidance systems are of three 
types-active, passive, and semiactive. In the 
active homing guidance system, both the trans¬ 
mitter, which illuminates the target, and the 
receiver, which receives the echoes, are car¬ 
ried within the missile. In the passive system, 
the missile utilizes radiations from the target. 
With the semiactive system, the receiver in 
in the missile utilizes radiations from the tar¬ 
get, which has been illuminated by a transmit¬ 
ter located in the launching aircraft. 

There are several ways in which the mis¬ 
sile's homing device may control the path of 
the missile to a moving target. The more 
generally used systems are the pursuit homing 
and lead homing types, in which the course 
flown by the missile approximates that of a 
lead collision course. 

In pursuit homing the guidance system 
causes the missile to point directly toward the 
target at all times. The homing device points 
directly ahead, and keeps the heading of the 
missile the same as the direction of the target 
echoes. A missile flying pursuit course ex¬ 
periences increasingly large "G" forces due to 
turning in to the last portion of the course, as 
shown in figure 14-3. This part of the flight- 
path is most critical; and unless the target is 
either large or flying a collision course, ac¬ 
curacy is greatly reduced. As a result, pur¬ 
suit homing does not have many applications 
against high speed targets. 
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In a lead homing, a lead collision course is 
established when the path of the missile main¬ 
tains a constant angle with the path of the tar¬ 
get. In lead homing, the guidance system 
establishes a lead angle with the target and 
keeps this angle essentially constant so that the 
missile travels directly toward a collision 
point, as shown in figure 14-4. This causes 
the missile to complete the final and critical 
part of the flightpath as a straight line. 

To effect this course it is necessary for the 
guidance system to measure the rate at which 
the angle changes. This may be accomplished 
by having the homing device point toward the 
target; and any change in the direction of the 
target from the missile will cause the homing 
device to turn. The rate at which it turns can 
be measured by a rate gyroscope. These ad¬ 
ditional functions require that the homing sys¬ 
tem for a lead course be more complex than a 
system for a pursuit course. 

One of the main limitations of homing sys¬ 
tems is that of range. Also, homing devices 
must have high directional sensitivity so they 
will not be confused by multiple targets. Be¬ 
cause of these problems, it is necessary to 
place the missile in the vicinity of the target 
and pointing toward the target. This may re¬ 
quire the initial part of the course to be con¬ 
trolled by another type of guidance system, 
such as the beam rider system. 

CW AND DOPPLER EFFECT 

One of the missile guidance and control sys¬ 
tems employed in aircraft utilizes the contin¬ 
uous wave (CW) radar method for illuminating 
the target. This method differs considerably 
from the pulse method of radar operation. 

With CW illumination of the target, the mis¬ 
sile receiver detects the presence of the tar¬ 
get object by sensing its relative speed with 
the principal measurement being one of fre¬ 
quency difference. The basis of this measure¬ 
ment is the Doppler effect, a property of wave 
motion which has numerous applications in 
many fields of physics. The general nature of 
this effect and the characteristics which make 
it useful in missile systems are discussed in 
the following paragraphs. 

The Doppler principle, first brought to 
notice in 1842 by an Austrian physicist, 
Christian Doppler, pertains to the shift, or 
change in frequency, that occurs when there is 
relative motion between the source and the re¬ 
ceiver of a series of waves. The frequency 


shift takes place with all kinds of waves-sound, 
light, and the emissions of radio and radar 
transmitters. A simple example in terms of 
sound is familiar to anyone who has observed 
the change in pitch of a train whistle as it ap¬ 
proaches or recedes rapidly. When approach¬ 
ing, the sound producing whistle comes a little 
nearer between each two successive waves it 
emits; and the waves strike the ear in a little 
more rapid succession, so that the frequency 
becomes greater and the pitch rises. 

If the train is moving away from the ob¬ 
server, the interval between successive waves 
is slightly increased, the frequency received 
by the ear is somewhat decreased, and the pitch 
is lowered as a result. If the frequency of the 
sound received when the train is at rest is 
measured and compared with the value re¬ 
ceived when the train is in motion, there is a 
difference in the two values called the Doppler 
shift. This frequency difference could then be 
used to measure the speed of the train with re¬ 
spect to the observer. 

A CW radar operates by means of the same 
effect except that electromagnetic waves are 
employed instead of sound. The transmitting 
antenna of the radar set beams uninterrupted, 
unpulsed energy of a given frequency upon the 
target. Upon reflecting the energy, the target 
becomes, in effect, a second emitter of waves; 
and if it is in motion with respect to the radar, 
the frequency of the returning echoes differs 
from that of the outgoing signals. The echoes 
are picked up by the receiving antenna and are 
heterodyned in the receiver with small refer¬ 
ence voltages at the frequency of the outgoing 
waves. The difference value, or beat fre¬ 
quency, which results from mixing the refer¬ 
ence and echo voltages, is the Doppler signal, 
the presence of which indicates a moving tar¬ 
get. As in the example of the moving train 
whistle, the Doppler value in hertz serves as a 
measure of the relative speed. 

In textbooks that deal with the Doppler ef¬ 
fect, it is shown that in two-way travel of elec¬ 
tromagnetic waves as in the CW radar system, 
the amount of frequency change in hertz (Hz) 
(fp) is related to the relative speed (V) by 

simple equations, 


D 


2V f 
C 


( 1 ) 


in which f is the frequency of the reference 
signal, andC is the velocity of the radar waves. 
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If the closing velocity is measured in miles per 
hour and if C/ f is taken as the wavelength of 

the reference emission, the equation can be 
expressed in the following form: 


I X 

where f^ is in hertz, V is in miles per hour, 

and the wavelength, X f is measured in centi¬ 
meters. 

The factor 89.4 is explained as follows: 
The conversion of miles per hour to centi¬ 
meters per second introduces the conversion 
factor 44. 7. This is then multiplied by 2, as 
indicated in equation (1). 

If the CW radar emits radiation with a wave¬ 
length of 10 centimeters, then according to 
equation (2), the Doppler signal will vary by 
almost 9 Hz for each increment in the closing 
or opening speed of 1 mile per hour. If the 
radiation has a wavelength of 3 centimeters, a 
typical value in microwave systems, then the 
Doppler shift amounts to almost 30 Hz for each 
increment in the closing or opening speed of 1 
mile per hour. 

The relation of signal frequency to velocity 
is illustrated in figure 14-5, which indicates 
the distribution of Doppler signals correspond¬ 
ing to three conditions of relative motion. The 
missile, employing CW radar guidance, flies 
at a velocity of V M> For the aircraft ap¬ 
proaching at velocity V^, the missile circuits 

produce a Doppler signal proportional in fre¬ 
quency to the sum of and because rela¬ 
tive closing speed V equals V M plus V^. The 

signal of the crossing target is considerably 
less in frequency, being proportional at the 
instant shown to the missile velocity, V M , be¬ 
cause relative closing speed V equals V M . 

The Doppler frequency of the receding target 
is determined by the difference between and 

the missile velocity, because relative speed V 
equals minus V^. If is larger than 

V g then relative speed V is closing. If V M is 

smaller than V„ then relative speed V is 
ipening. 

With Doppler operation, the missile cir¬ 
cuits are designed to exclude all signals ex¬ 
cept those contained in a fairly narrow fre¬ 


quency range called the speed spectrum of the 
system. This term refers to the range of 
Doppler frequencies corresponding to the pos¬ 
sible closing speeds of the missile with the 
class of targets for which it is intended. For 
example, assume that for a certain air to air 
missile, the sum of V M , the missile velocity, 

and Vj, the velocity of an approaching aircraft 

is 2, 000 miles per hour and that this figure 
represents the maximum closing speed of the 
missile and any possible aircraft target. As¬ 
sume further that the minimum possible clos¬ 
ing speed is 100 miles per hour; and also that 
the radar system employs 3-centimeter 
radiation. 

When these figures are substituted in equa¬ 
tion (2), the resulting Doppler frequencies are 
59, 600 Hz for the upper speed and 2, 980 Hz 
for the lower-a range of approximately 3 to 60 
Kilohertz. The speed spectrum of this par¬ 
ticular system would extend overia range in¬ 
cluding these and all intermediate frequency 
values, thereby including the Doppler fre¬ 
quencies of all valid aircraft targets. 

The missile receiver contains frequency 
selective circuits that respond only to Doppler 
signals in the appropriate speed spectrum; and 
after selecting one target signal in this range, 
the tracking circuits lock-on and track the cor¬ 
responding object "in speed." By restricting 
reception to the comparatively narrow band re¬ 
presenting possible closing speeds, all inter¬ 
ference and clutter frequencies outside the 
band are eliminated at the outset. Further¬ 
more, the likelihood of the missile being jam¬ 
med by enemy countermeasures is minimized, 
the signal to noise ratio is increased, and the 
ability of the guidance receiver to work with 
low level input voltages is improved. 

However, not all interference can be elimi¬ 
nated by Doppler operation. Random noise, 
for example, occupies a frequency band which 
is extremely broad, and some noise energy 
necessarily appears in the speed spectrum. 
Also, as indicated in figure 14-5, some clutter 
return is present in the spectrum. Clutter oc¬ 
curs at frequencies lower than those of ap¬ 
proaching aircraft Doppler signals. 

To insure selection of a valid Doppler sig¬ 
nal against a background of interference, the 
following method is often employed in CW mis¬ 
sile systems. The carrier wave of the com¬ 
panion radar is modulated with at least two 
identifying, or coding, signals. One of these, 
when detected in the missile circuits, causes a 
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SPEED SPECTRUM (FREQUENCY) 


AQ. 263 

Figure 14-5. -Doppler signals for various closing velocities. 


section of the receiver to lock-on the beam of 
the correct parent transmitter so that the 
proper reference frequency for producing the 
Doppler signals is assured. The second cod¬ 
ing signal provides a means for selecting valid 
Doppler voltages. Gating circuits in the re¬ 
ceiver scan the speed spectrum, examine each 
signal in turn, and determine whether or not 
the identifying modulation is present in suffi¬ 
cient strength to indicate an aircraft target. 
Noise voltages and other signals which do not 
contain the coding frequency are rejected, 
while the valid signal, which contains the mod¬ 
ulation, is passed on to the tracking circuits. 

The application of Doppler methods to mis¬ 
sile homing has produced guidance equipment 
which is superior to most pulse radar sets for 
operations against low flying targets because of 
the effectiveness of CW radar in working 
through interference and clutter. 


COMPONENTS 

The intercept system discussed in this 
chapter consists basically of a radar set and 
an armament control director. However, ad¬ 
ditional components are necessary for the 
operation of the system. Some of these com¬ 
ponents are supplied as a part of the system 
and some are supplied as aircraft equipment. 
Therefore, the discussion is in terms of the 
radar set and associated components. Figure 
14-6 is a block diagram of the complete sys¬ 
tem. It should be noted that the system is di¬ 
vided accordingly. The block analysis of the 
radar set is by systems rather than by com¬ 
ponents or chassis. 

Radar Set Group 

The radar set group is a major unit of the 
radar set and consists of the receiver-trans¬ 
mitter, synchronizer, and power supply. 
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Each subassembly or chassis is mounted on a 
hinged assembly or pallet in a barrel shape. 
The entire assembly is arranged in a manner 
permitting removal for maintenance purposes, 
and each pallet is arranged so that it can be 
dropped away from the group to provide access 
to the subassemblies. 

The armament control director (shaded por¬ 
tion of fig. 14-6) is mounted in the same struc¬ 
ture but is not considered part of the radar set 
group. The same is true of the antenna 
assembly. 

CW Radar Set 

The CW radar set group is composed of four 
major units as follows: 

1. Computer. 

2. Modulator. 

3. Power supply. 

4. Transmitter and cooling system. 


Each major unit is discussed briefly in the fol¬ 
lowing paragraphs and is discussed in greater 
detail later in this chapter. 

The computer receives and processes range 
and azimuth information from the AI radar. 
True airspeed and altitude pressure data are 
also received from the air data computer. The 
computer provides outputs of head-aim, English 
bias, and simulated Doppler for the missile. 
Range interlock information and aim dot (steer¬ 
ing) information for the AI radar is also provi¬ 
ded. 

The MODULATOR provides the signals for 
modulation of the CW for coding, ranging, and 
identification of illuminating source; it also pro¬ 
vides the pseudo signal for timing the missile. 
The modulator contains an interlock for protec¬ 
tion of the CW magnetron/klystron. 

The HIGH-VOLTAGE POWER SUPPLY pro¬ 
vides the filament and high voltage for the CW 
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magnetron/klystron. It also contains a time 
delay circuit for delaying the high voltage to the 
CW magnetron/klystron and the 28 volts (de¬ 
layed) to the klystron tuners. 

The RADAR TRANSMITTER generates the 
CW-RF carrier signal and modulates the CW- 
RF for coding and ranging. The transmitter 
contains the necessary plumbing, filters, etc., 
and provides isolation fromthe AI pulsed radar. 
It also contains the CW magnetron/klystron 
cooling system, a closed system, which is 
used to dissipate the heat from the CW magne¬ 
tron/klystron and associated parts. The pump 
continuously circulates the coolant as long as 
power is applied to the transmitter. 

Associated Components 

In figure 14-7, six associated components 
are illustrated, three of which are supplied as 
aircraft equipment. They are the flight data 
unit, vertical gyro, and the angle of attack and 
skid system. Each is essential to the operation 
of the intercept system. However, each is sup¬ 
plied as aircraft equipment because other equip¬ 
ment in the aircraft also depends on their out¬ 
puts. Some of the components are discussed in 
in the following paragraphs. 

The FLIGHT DATA UNIT contains climb and 
roll circuits, a true airspeed computer, and an 
air density computer. They are supplied in¬ 
formation by the aircraft's pitot-static system 
and the vertical gyro. Figure 14-8 is a block 
diagram of the climb and roll section of the 
flight data unit (FDU). 

The technician should recall that the vertical 
reference gyro and the computation of true air¬ 
speed and air density are discussed in Aviation 
Fire Control Technician 3 & 2. The theory of 
the resolution of gravity deflections is also dis¬ 
cussed. 

The RANGE ADAPTER is used only when a 
visual attack is being made on a target. It con¬ 
verts present range voltage received from the 
radar range tracking system to values of pre¬ 
sent range and range rate suitable for use by the 
computer group. Figure 14-9 is a block dia¬ 
gram of the range adapter. 

Range rate information is supplied by the 
range rate computer section. This section is 
basically an RC differentiator of the feedback 
amplifier type. Most of the operating voltages 
are supplied by the radar power supply. 

The ARMAMENT CONTROL DIRECTOR is 
essentially an electromechanical analog com¬ 
puter. It should be recalled that the director is 


split into two sections, a kinematics section and 
a ballistics section, and utilizes several servos 
in arriving at solutions for the problems pre¬ 
sented to it. The director computes the follow¬ 
ing information: 

1. Steering error singals. 

2. Opening or closing range rate. 

3. In-range signal. 

4. Rocket launching signal. 

5. Collision warning signal. 

The ANGLE OF ATTACK AND SKID SYSTEM 
is shown in figure 14-10 in block diagram form. 
It should be remembered that it is part of the 
aircraft equipment and is discussed briefly in 
this chapter. 

The angle of attack and skid system is an 
electomechanical analog computing system 
which provides true angle of attack and skid in¬ 
formation for use by air to air rocket and gun 
firing fire control system. The principal chan¬ 
nels of signal flow through the system are shown 
in the functional block diagram in figure 14-10. 

The computer group usually associated with 
the type of missile control system discussed in 
this chapter is centered around an electromag¬ 
netic computer of the type discussed in chapter 
15 of Aviation Fire Control Technician 3 & 2. 
Therefore, no detailed discussion of the com¬ 
puter group is included in this chapter. 

PHASES OF OPERATION 

In general, the operation of the system may 
be classified under four phases with each phase 
having one or more modes of operation. The 
phases of operation are standby, search, acqui¬ 
sition, and track. Each phase of operation is 
essential to the radar in accomplishing its pur¬ 
pose. The phases and modes of operation are 
summarized in table 14-1. 

Standby 

During the standby phase of operation the 
radar set and the associated components illus¬ 
trated in figure 14-7 are supplied with filament 
voltages and control voltages as required and 
are ready for full operation after an initial de¬ 
lay. 

Search 

During the search phase, the system pro¬ 
vides radar search capability for assisting the 
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Figure 14-7. -Block diagram of a typical intercept system and associated components. 
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Figure 14-9. -Range adapter block diagram. 
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Figure 14-10. -Angle of attack and skid system. 
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Table 14-1.-Phases of operation. 


Phase 

Mode 

Comments 

Standby 


Equipment warmup. 

Search 

AIR INTERCEPT 

Radar searches forward area. 


MAPPING 

Radar searches surface area. 

Acquisition 

NORMAL 

Target lock-on. 


ARO 

Lock-on when target reaches selected range. 

Track 

Air to air 

Radar track. 


Lead pur suit-guns 
or rockets 

Manual firing. 


Lead collision- 
rockets 

Automatic firing. 


Pure pursuit- 
missile 

Director inoperative (ACD). 


Air to surface 

Visual-all 

weapons 

Radar not in use. 


pilot in navigating to the target area, locating 
the target, and (with special additional equip¬ 
ment) identifying the target. The orientation of 
the antenna or selection of the sector to be 
scanned is accomplished by the antenna control. 
The received or detected targets are displayed 
on a B-type presentation. 

The radar set, when in this phase of opera¬ 
tion, may operate in either the air intercept or 
mapping mode. In the air intecept mode the 
antenna scans the forward area as determined 
by the setting of the radar set controls. In the 
mapping mode, the antenna is tilted downward 
to obtain ground returns. Thus, the radar 
searches the earth’s surface and the indicator 
displays a maplike presentation. 

Acquisition 

Upon identification of the target, the opera¬ 
tor places the system in the acquisition phase. 
In this phase the radar locks on the target se¬ 
lected and begins to track. Thus, the system is 
in the attack phase and automatically tracks the 
target throughout the duration of the attack. 


The system may be operated in either of 
two modes in the acquisition phase-NORMAL 
or ARO. In the normal mode, the target is 
selected for tracking by bracketing it with a 
pair of range strobes, positioning the azimuth 
strobe above the target position, and pressing 
the lock-on switch. Then the antenna slews to 
the determined azimuth position and lock-on 
occurs when the range strobe sweeps out and 
meets the target. 

In the ARO mode, the antenna points dead 
ahead and the range strobes are set for the 
range at which the operator wishes to lock on 
the target. With the target lines up in the fixed 
reticle of the optical sight unit, the radar au¬ 
tomatically locks on when the selected range is 
reached. 

Track 

As illustrated in table 14-1 the modes of 
equipment operation during the track phase are 
classified under two types of attack. The 
types of attack are air to air and air to surface. 
The distinguishing factor between the two is 
the use of radar in an air to air attack but not 
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in the air to surface attack. Therefore, the 
only mode of operation in the air to surface 
operation is the VISUAL mode. In the air to 
air type of attack there are three primary 
modes of operation which are determined by 
the type of course to be flown and the weapon 
to be used. The three modes and lead pursuit 
(guns or rockets), lead collision (rockets), and 
pure pursuit (missiles). (NOTE: The visual 
mode may be employed in the air to air type of 
attack also.) 

In the air to air modes, the radar set 
tracks the target continuously and supplies azi¬ 
muth, elevation, and range information to the 
armament control director. The director com¬ 
putes steering signals and firing range infor¬ 
mation for display on the radar indicator in a 
C type presentation. The pilot then maneuvers 
the aircraft accordingly. Although the radar 
tracks the target automatically, he must fire 
the rockets or guns manually if on a lead pur¬ 
suit course. 

When making a pure pursuit course attack, 
the armament control director is inoperative 
and the indicator is supplied directly with target 
range and bearing information. Also during 
the attack phase, the task of notifying the pilot 
when the target is within firing range and pre¬ 
senting anticollision warnings is accomplished 
by indications initiated in the armament control 
director or computer group. 

PRINCIPLES OF OPERATION 

The radar set (fig. 14-7) operates on prin¬ 
ciples similar to those of any other airborne 
radar set. The essentials of the set consist of 
an RF transmitter, antenna, a receiving system 
capable of detecting the RF energy reflected 
from the target, an indicator(s) and a synchroni¬ 
zer. The energy developed by the transmitter 
is radiated by the antenna as a series of very 
short powerful pulses. During transmission 
the receiver is made inoperative by the duplexer 
which permits the use of a single antenna by 
the sensitive receiver and a high power trans¬ 
mitter. Upon completion of each transmission 
the receiver amplifies the weak pulses returned 
by the target and reproduces them as video 
pulses to be applied to the indicator (s). 

The indicator(s) produces a visual indication 
of the echo pulses in a manner which furnishes 
the required information about the target. The 
synchronizer supplies the synchronizing sig¬ 
nals, which time the transmitted pulses and the 
indicator(s) providing a means of measuring 


the time interval between the transmission of 
the energy and its return as a reflection. Since 
RF energy travels at a constant velocity, the 
time interval becomes a measure of the dis¬ 
tance traveled or range. Target direction in¬ 
formation is obtained by using a highly direc¬ 
tional antenna which radiates in a very narrow 
conical beam. 

Search Operation 

During search operation the beam is moved 
rapidly through a scanning pattern which covers 
a sector centered in azimuth about the center- 
line of the aircraft with a vertical beam width 
equal to approximately twice the conical beam. 
The position of the antenna when the target is 
located indicates its direction. The radar beam 
is nutated at a rapid rate, generating a conical 
pattern which is sector scanned in azimuth and 
jump-stepped in elevation at the end of each 
sector scan. 

The antenna can be tilted to scan any sector 
desired in elevation, within the limits of the 
equipment by moving the antenna control fore 
or aft. The limits of the equipment extend 
equally above and below the armament datum 
line. A narrow scan sector, which covers about 
one-third the area of wide scan, may be selected 
when it is desired to concentrate on a particular 
area. The radar operator may move the an¬ 
tenna control to the right or left to position the 
scan sector in azimuth. 

All targets within the scan area (up to the 
selected range of the radar) received during air 
intercept (AI), search, or mapping operations 
appear on the radar indicator(s), which utilizes 
a B-type presentation. The B-scan plots range 
against azimuth, with vertical displacement 
from the bottom of the scope representing range 
and horizontal displacement from the center of 
the scope representing azimuth. The position 
of the vertical B sweep is alined with the po¬ 
sition of the antenna in azimuth and follows the 
position of the antenna as it scans. 

To prevent loss of targets during the ma¬ 
neuvers required in normal search operation, 
the search pattern is stabilized. Position sig¬ 
nals furnished by the vertical gyro are fed to the 
antenna servosystem to displace the antenna 
scan position when the aircraft deviates from 
straight and level flight. (See fig. 14-11.) When 
the aircraft is banked, the antenna is tilted in 
the opposite direction to maintain the scan 
parallel to the horizon. Similarly, when the 
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aircraft commences a climb or dive, the an¬ 
tenna scan tilts to maintain the elevation posi¬ 
tion with respect to the horizon as set by the 
pilot. 

Combined roll and climb or dive results in 
a corresponding displacement of the antenna 
scan in the opposite direction. Thus, the po¬ 
sition of targets on the scope is changed only by 
a change in relative azimuth bearing and range. 
The effect of banking and climbing with no 
stabilization is shown in (B) and (E) of figure 
14-11. Note the loss of target on the scope. 

Since the antenna scan and the artificial 
horizon line on the scope are positioned by the 
same signals from the vertical gyro, displace¬ 
ment of the scan can be visualized by observing 
the artificial horizon line. 

For mapping, the antenna is tilted slightly 
downward to pick up ground returns, and the 
indicator(s) displays a map of the forward 
ground area. The scan limits are the same as 
for air intercept. 

Acquisition Phase Operation 

The short transitional period between search 
and attack operation, when the target is being 


selected and locked on, is called the acquisition 
phase. When a target on the search presenta¬ 
tion has been identified as an enemy, the radar 
operator initiates radar tracking by one of two 
methods. • 

In the first method, the radar operator po¬ 
sitions a strobe on the radar indicator at the 
target’s azimuth position, brackets the target 
with a pair of range strobes, and then presses 
the lock-on switch. This causes the antenna to 
cease scanning and point toward the target. This 
method also gives the radar operator complete 
manual control over the position of the antenna. 
From this point until lock-on occurs, the radar 
completes the acquisition automatically unless 
the target was not centered accurately in the 
radar beam initially. In this case, a slight re¬ 
positioning of the beam by means of the antenna 
control is necessary. Usually the complete 
process by this method takes only a few sec¬ 
onds. 

Track Operation 

When conditions permit, the visual mode 
may be employed by the pilot during the track 
phase to carry out either the air to air or air 



Figure 14-12. -Air to surface attack. 
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to surface attack with guns, rockets, or mis¬ 
siles. However, the most practical application 
of the visual mode is in the air to surface at¬ 
tack. Figure 14-12 is an illustration of an air 
to surface type of attack. 

During the visual mode of operation the lead 
angle is computed by the disturbed reticle sys¬ 
tem which was discussed in chapter 15 of AQ 
3 & 2. 

During the lead pursuit mode of operation, 
signals from the radar set control initiate lock- 
on. After lock-on occurs the radar tracks the 
target and the armament control director pro¬ 
vides the solution to the fire control problem. 
During tracking, the antenna measures the di¬ 
rection and the angular rate of change of the 
target. At the same time, the radar signals 
are used to determine the present range. 

Present range is the difference between 
this computed lead angle and the actual lead 
angle being flown by the interceptor (as meas¬ 
ured by the tracking antenna) that is supplied 
by the director to the scope(s) in the form of 
deflection voltages to cause the circle and dot 
to be off center. Thus as the pilot centers the 
circle and dot presentation by maneuvering the 
interceptor, the computed lead and the ac¬ 
tual lead are made equal and the steering error 
becomes zero. In some systems, the circle is 
not used. As the target comes to within range 
of the armament, the weapons are fired manu¬ 
ally by the pilot as he depresses the gun or 
rocket firing button. 

In addition to computing deflection signals 
for the steering presentation on the radar in- 
dicator(s) the director performs other supple¬ 
mentary functions. In-range warning is pro¬ 
vided by the lighting of a lamp on the indicator 
and/or an audible tone applied to the pilot’s 
headset when the interceptor is approaching a 
range where the time of flight of the shells or 
rockets is short enough to insure accurate fir¬ 
ing. Anticollision warning is provided to warn 
of imminent collision of interceptor and target. 
A lamp on the indicator(s) is lighted and a 
breakaway signal is added to the scope(s) 
presentation. 

In the lead collision mode the attacker flies 
essentially a straight line course toward the 
impact point of the projectile and the target. 
Since there is only one firing point on a lead 
collision course, rockets are used in order to 
provide sufficient firepower to insure a high 
kill probability. The rockets are automatically 
launched at the proper instant during the attack 
run in accordance with the future range preset 


by the pilot. The intercept system will direct 
lead collision attacks accurately from any angle 
off the target. 

In lead collision attacks, the system func¬ 
tions nearly the same as in lead pursuit, ex¬ 
cept that the future range is preset at a single 
value rather than being computed continuously 
as in lead pursuit. The firing signal is also 
provided by the director. 

In the pure pursuit mode the interceptor 
flies a course on which the antenna boresight 
line is always pointed directly at the target. 
After radar lock-on, the pilot can use either 
the steering dot on the radarscope or the fixed 
reticle of the optical sight to fly a pure pursuit 
course. The various stages of a pure pursuit 
course for a missile launch are shown in figure 
14-13. 

The following four major requirements must 
be fulfilled before missile launching can take 
place. 

1. The interceptor must be flying a pure 
pursuit course. 

2. The missile seeker must be on target. 

3. The target must be within the minimum 
and maximum launching ranges of the missile. 

4. The interceptor bank angle must be with¬ 
in established limits for the altitude at which 
the attack is taking place. 

Once lock-on is initiated, the computing 
circuits of the director system are disabled so 
that the steering signals furnished the radar- 
scope represent the output of the computer. 
(This information is the result of antenna angle 
and antenna angular rate which are received 
from the antenna resolvers.) Thus, if the air¬ 
craft is flown to maintain the steering dot at 
the center of the scope, the antenna boresight 
line of the aircraft will always be pointed at the 
target and the resulting course generated will 
be a pure pursuit course. 

Once established on a pursuit course, the 
pilot will be informed as to the missile status. 
In the case of a heat seeking missile he re¬ 
ceives a tone when the missile is locked on 
target. In the case of the Sparrow, he has a 
light indication on his missile status panel in¬ 
dicating his ready missile. The minimum and 
maximum missile launching range is a function 
of several factors, the most significant of which 
is altitude. 

Prior to launch, the missile is fed head-aim 
and English-bias which will preset the initial 
course of the missile from after launch until 
the guidance system takes over. 
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Figure 14-13.-Pure pursuit attack for missile launch 


When all conditions for launching are sat¬ 
isfied, the pilot presses the firing button to 
initiate missile launch. 

INTRODUCTION TO A TYPICAL SYSTEM 

Naval aircrafts are currently being equipped 
to launch supersonic guided missiles which em¬ 
ploy the CW radar homing principle. A typical 
system capable of solving the missile fire con¬ 
trol problem is illustrated in figure 14-6. It 
consists primarily of two items, as follows: 

1. An intercept system consisting of an 
intercept pulsed radar and a computer group. 

2. A CW radar group. 

Additional components may be required to 
make up the complete system; for example, a 
flight data unit, a vertical gyro unit, and a 
launching set. 

Before the guided missile can be launched, 
the missile control system must supply the 
missile with certain data. The intercept radar 
set determines range and develops a propor¬ 
tional voltage which is supplied to the computer 
group and the CW radar group. (NOTE: The 
computer group generates lead angle informa¬ 
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tion for firing guns and rockets and is not used 
during a missile attack.) 

The CW radar group generates CW-RF en¬ 
ergy which is injected into the waveguide as¬ 
sembly and transmitted by the intercept radar 
antenna. 

The CW radar also develops a pseudo sig¬ 
nal which is fed to the missile for the purpose 
of checking the operation of the missile’s cir¬ 
cuitry to the Doppler frequency region. When 
the target is within range, the pseudo signal is 
cut off. Now the CW radar group develops a 
simulated Doppler signal proportional to the 
closing range rate. This simulated Doppler 
signal is fed to the missile to tune the missile 
circuitry to the anticipated Doppler frequency 
region. It should also be noted that the CW 
radar supplies in-range information to the mis¬ 
sile launching set. 

In order to understand the operation of the 
various functions of the system after launching, 
the use of the CW radar is discussed first. 
Figure 14-14 illustrates a typical missile at¬ 
tack problem. As shown, the CW signal is 
transmitted by the intercept system’s antenna 
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Figure 14-14. -Typical attack problem. 
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and, when reflected by the target, is received 
by the missile’s nose antenna. 

The rear missile antenna receives the CW 
signal directly from the intercept radar anten¬ 
na, and then both signals are compared in the 
missile’s receiving system. Because the dis¬ 
tance between the missile and the target is de¬ 
creasing, the signal received from the target 
is changed in frequency with respect to the sig¬ 
nal received directly from the intercept an¬ 
tenna. The difference between the two i s the 
Doppler frequency which is directly propor¬ 
tional to the closing speed. 

The Doppler signal is applied to the speed 
gate where it is compared to a reference sig¬ 
nal. The speed gate prevents the missile from 
homing on some other object near the target but 
moving at a different velocity. Steering signals 
are provided within the missile by deriving er¬ 
ror signals from the conical scan antenna when 
homing on the reflected CW energy from the 
target. The missile uses the constant look 
angle method of homing on a target. Coding 


and range modulation are used to prevent inter¬ 
ference and to measure the range to the target. 

The intercept radar is used to detect and 
track the aircraft targets. At the time of 
launch the intercept radar antenna position in¬ 
formation is fed to the missile’s nose antenna 
for the purpose of properly positioning it for 
target acquisition. Head-aim and English-bias 
information is provided to the missile that will 
insert any correction required in the event the 
launching aircraft is not on the exact lead pur¬ 
suit course. After the intercept radar has 
locked on a target and the missile to be fired 
has been selected and armed, the pilot can fire 
the missile when the in-range signal comes on, 
provided his target is within the ASE (allowable 
steering error) circle. 

As illustrated in figure 14-14, the lead pur¬ 
suit course which the launching aircraft at¬ 
tempts to fly is shown by angles B. Because of 
limitations in aircraft performance or heading 
errors on the part of the pilot, the aircraft may 
not be able to fly an exact lead pursuit course. 
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In this event a heading correction voltage (head- 
aim and English bias) proportional to angle A 
is supplied to the missile prior to launching in 
order to bring it on course immediately after 
launching. The heading correction is a d-c 
voltage generated in the CW radar group and 
provided to the missile, but used by the mis¬ 
sile only after it has been launched. 

INTERCEPT SYSTEM 

The intercept system is used primarily for 
launching gun and rocket attacks on selected 
targets, or for the launching of guided missiles 
when associated with a CW radar group and a 
missile launching set. 

The intercept system may be operated as a 
visual sighting system with the radar providing 
range and other target data to the computer 
group. 

The system also provides a means of aim¬ 
ing the aircraft when, due to weather or light¬ 
ing conditions, the target is invisible to the 
pilot. The radar provides an indicator that 
shows the target position, range, and range 
rate for the pilot’s observation. 

Modes of Operation 

The modes of operation for the all-weather 
intercept system’s radar set are automatic 
search, manual search, and automatic track. 
However, modes for the complete all-weather 
system are visual, alternate, and all-weather. 

RADAR SET MODES. -During the automatic 
search mode of operation the antenna scans in 
azimuth a selected sector ahead of the aircraft 
as determined by the setting of the azimuth 
scan switch on the radar set control. The ele¬ 
vation angle of the scan pattern may also be 
controlled from the radar control panel. The 
indicators display pattern presented in the auto¬ 
matic search mode consists of the following: 

1. The range sweep, which moves back and 
forth with the antenna motion. 

2. The elevation strobe, which indicates 
the elevation angle of the antenna. 

3. The target acquisition marks, which are 
used to select the desired target for lock-on. 

4. The artificial horizon, which indicates 
the aircraft attitude in relation to the horizon. 

Targets appear as bright spots on a B-type 
display. The maximum range at which targets 
may be detected is determined by the setting of 
the range switch on the radar set control. 


The manual search mode of operation is 
used to spotlight the target and to establish 
target lock-on. To place the system in manual 
search, the action switch on the antenna con¬ 
trol is held down, transferring control of the 
antenna position to the radar operator. The 
antenna hand control then positions the antenna 
so that the radiated beam is directed at the 
target as indicated by maximum brightness of 
the target echo. The range gate is positioned 
on the target echo by moving the gate out along 
the sweep or range trace. When the gate and 
the target echo are superimposed, the range 
lock-on occurs. 

During the automatic track mode of opera¬ 
tion, the antenna automatically follows the 
tracked target. The attack display provides the 
pilot with the following information: The direc¬ 
tion in which to steer the aircraft to intercept 
the target, the opening or closing rate, and an 
accurate indication of the target range. 

The steering information is presented in the 
form of an error circle and an error dot. 
Some of the later systems do not utilize the er¬ 
ror circle, only the dot. The position of the 
error circle with /j^spect to the center of the 
indicator screen indicates the amount and di¬ 
rection of azimuth and elevation error; i. e., 
the difference between the interceptor’s head¬ 
ing and elevation angle, and the correct head¬ 
ing and elevation angle to score a hit. The er¬ 
ror dot presents the same information as the 
error circle, but the deflection of the error dot 
is considerably greater for a given error in 
azimuth and elevation. On the later systems, 
the error circle indicates the firing limitations 
on the missile in both azimuth and elevation, 
and is centered on the scope presentation. It 
is known as the ASE (allowable steering error) 
circle. 

Range information is presented in the form 
of a range circle which is centered on the in¬ 
dicator and becomes smaller as the range de¬ 
creases. A small gap in the periphery of the 
range circle indicates the relative speed be¬ 
tween the interceptor and the target. A clock¬ 
wise position of the range rate gap indicates a 
closing rate and a counterclockwise position 
indicates an opening rate. Zero rate is indica¬ 
ted at the 12 o’clock position. 

INTERCEPT SYSTEM MODES.-The modes 
of operation of the intercept system in no way 
alter, change, or modify the modes of opera¬ 
tion of the radar set which were discussed in 
the previous paragraphs. The system is es¬ 
sentially a visual system, but the addition of 


390 


Digitized by Google 



Chapter 14-TYPICAL AIRBORNE MISSILE CONTROL SYSTEM 


the gyro and the converter to the system give 
it all-weather capabilities. With those com¬ 
ponents incorporated, the system has three 
modes of operation-visual, alternate, and all- 
weather. 

In the visual mode of operation, the conver¬ 
ter and gyro are used but the attack is made on 
the target visually; i. e., by observing the point 
of aim in the optical sight unit. The radar in¬ 
dicator presents lead information; however, it 
is slightly in error because no correction has 
been introduced for the sight unit dome tem¬ 
perature. Thus, the radar is useful in homing 
to within attack range of the target prior to 
making a visual attack. 

During the all-weather mode, the gyro and 
the converter are also functioning. In this 
mode the dome temperature correction is in¬ 
troduced and lead information presented on the 
radar indicator is correct. Thus, an accurate 
attack can be made by observing the indicator. 
The steering circle and dot now represent the 
difference between the target and the computer 
lead angle. The interceptor should be turned 
so that the steering circle approaches the cen¬ 
ter of the indicator as the attack is made on the 
target. Correct lead is indicated when the 
steering circle and dot are centered on the 
indicator. 

During the alternate mode of operation the 
gyro and converter are not used. In this mode 
the steering circle and dot on the indicator re¬ 
present the relative position of the target to the 
aircraft. The optical sight will, however, pre¬ 
sent the correct lead angle. Thus, the pilot 
may make a pure pursuit attack by observing 
the radar indicator, or a lead pursuit attack by 
observing the optical sight unit. 

Functional Operation 

The radar has ten operational functions, 
consisting of the transmitting, receiving, radar 
ranging, computing, range sweep, antenna 
tracking, antenna positioning, commutation and 
blanking, attack display, and service functions. 
These functions may be grouped into six oper¬ 
ational systems. 

A block functional analysis of the radar set, 
including the computer group and all-weather 
components, is shown in figure 14-15. The 
relationship and functions of the various com¬ 
ponents are shown along with their major in¬ 
puts and outputs. The operation of the system 
is essentially the same as other intercept sys¬ 
tems. However, some differences in relation 
to missile capabilities should be noted. 


The provision for CW injection into the 
waveguide from the CW radar group should be 
noted. In addition, an output of range is pro¬ 
vided for the CW radar from the ranging func¬ 
tion. Missile range and steering information 
are received from the CW radar group by the 
attack display function for presentation on the 
indicator. 

TRANSMITTING FUNCTION. - The trans¬ 
mitting function generates RF energy, radiates 
it into space, and produces timing pulses for 
synchronization of the radar set. The trans¬ 
mitting function consists of a synchronizing 
channel, RF generating channel, and a trans¬ 
mission channel. 

RECEIVING FUNCTION. - The receiving 
function converts the target echo signals inter¬ 
cepted by the antenna to an intermediate fre¬ 
quency, detects the video, and applies it to the 
CRT/DVST indicator. The function consists of 
the receiving channel (essentially the same as 
the transmission channel), signal IF channel, 
AFC channel, video channel, and the indicator 
channel. 

RADAR RANGING FUNCTION. -The ranging 
function tracks a selected target and provides 
range information to the range circle channel, 
the computer, and the CW radar group. To 
initiate automatic track, the radar operator 
(RIO) manually positions the antenna to illumi¬ 
nate the desired target. By manipulation of the 
switch on the antenna hand control, the radar 
operator (RIO) positions the range marker on 
the indicator to coincide with the target video. 
When the range gate marker superimposes the 
target echo, the ranging circuits place the 
equipment in the automatic track mode of 
operation. 

The radar ranging function generates a d-c 
voltage which is proportional to the range of the 
target being tracked. The radar ranging func¬ 
tion consists of the sweep, gate, video, track¬ 
ing, and on target channels. 

RANGE SWEEP FUNCTION. - The range 
sweep function develops a linear vertical sweep 
voltage for displaying target range information 
on the indicator screen and positions this sweep 
laterally on the screen in accordance with the 
angular azimuth position of the antenna. The 
range sweep function contains the range sweep 
generator and the range sweep azimuth posi¬ 
tioning channel. 

The start of the range sweep voltage is syn¬ 
chronized with the transmitted pulse by the 
master trigger from the transmitting function. 
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A synchronizing pulse triggers the thyratron 
modulator in the transmitter, which in turn 
supplies a trigger to the vertical range sweep. 

ANTENNA TRACKING FUNCTION.-The an¬ 
tenna tracking function produces the electrical 
signals which keep the antenna pointed directly 
at the selected target during the automatic track 
mode of operation. This function produces er¬ 
ror signals whose phase and magnitude repre¬ 
sent angular deviation of the antenna’s center- 
line from the line of sight to the target. The 
error signal positions the antenna to eliminate 
the deviation angle. When the antenna is point¬ 
ed directly at the target, the error signal is 
zero. 

ANTENNA POSITIONING FUNCTION.-T h e 
antenna positioning function positions the an¬ 
tenna in azimuth and elevation during the search 
phase of operation. In the automatic search 
phase, the antenna positioning function directs 
the antenna through a selected scan pattern in 


order to detect targets within the chosen area. 
In manual search, the antenna is directed by a 
hand control to point at a selected target or 
area. 

COMMUTATION AND BLANKING FUNC¬ 
TION. -The commutation and blanking function 
(fig. 14-15) presents, in rapid sequence, the 
various elements of the attack display pattern 
on the indicator. The attack display for guns 
or rockets consists of the range circle, error 
circle, error dot, and artificial horizon. Com¬ 
mutation and blanking of the display elements 
is done by an accurately timed sequential oper¬ 
ation of relays. Displays signals are ■ passed 
by individual relays which are energized for 
equal portions of the timing cycle. Screen per¬ 
sistence of the cathode-ray/DVST indicator 
merges the pattern into a composite display. 

ATTACK DISPLAY FUNCTION. -The attack 
display function (fig. 14-15) presents visual 
information on the indicator. When utilizing 
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rockets or guns, the indicator presentation con¬ 
tains a steering circle and dot; a range circle 
containing a range rate gap, the angular posi¬ 
tion of which indicates either increasing or de¬ 
creasing range rate; B-trace with range mark¬ 
ers; and the artificial horizon bar. When util¬ 
izing missiles, the indicator presentation con¬ 
tains the aim dot, elevation bar, range circle 
(range to go to minimum range), B-trace with 
range markers, and the artificial horizon bar. 


SERVICE FUNCTION.-The service function 
generates and distributes electrical power re¬ 
quired for the radar set, and provides pres¬ 
surized dry air for pressure sensitive units of 
the system. This system includes the electri¬ 
cal power supply channel and the pressurizing 
channel. 

The electrical power supply section consists 
of the low voltage power supply and certain 
distribution circuits. The primary power for 



Figure 14-16. -Block diagram of the power supply system. 
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the system is obtained from the aircraft 28- 
volt d. c. and 3-phase, 115-volt, 400 Hz gener¬ 
ators. The low voltage power supply provides 
regulated voltages, of 300 v, 150 v, and -250 v 
for the various units of the system. High volt¬ 
age is obtained from a voltage quadrupler. 

The pressurizing channel automatically 
maintains for all operating altitudes a dehydra¬ 
ted atmospheric pressure, approximately the 
same as at sea level, in certain critical units 
of the radar set. The pressurized dry air pre¬ 
vents arcing of components of the system under 
conditions of rarefied air or high humidity. 
Pressurized units are the receiver transmitter 
and waveguide assembly. 

System Analysis 

The discussion of the intercept system con¬ 
tinues in this section in terms of its functional 
systems. These systems are the power, trans¬ 
mitting, receiving, range tracking, antenna, 
computing, and indicating systems. Each sys¬ 
tem is illustrated in block diagram form with a 
limited discussion. Where new circuitry is in¬ 
troduced, the discussion is more detailed. 

POWER SUPPLY SYSTEM.-The power sup¬ 
ply system provides all the operating voltages 
required by the radar set and the associated 
equipment. Inputs of 28 volts d. c. and 115 
volts a. c., 400 Hz, 3 phase, from the aircraft 
electrical system are distributed through the 
power supply system to all units of the radar 
set. The primary function of the power supply 
system is to produce the regulated and unregu¬ 
lated d-c voltage outputs required by the sys¬ 
tem. Figure 14-16 is a block diagram of the 
power supply system. 

When the equipment is in the standby or 
operate condition, 28-volt d. c. actuates the 
standby relay. Thus, the filament transformers 
are energized and filament voltages are applied 
throughout the equipment. When the power 
switch is placed in the operate position, the 
filament voltages are the only outputs until the 
thermal time delay relay has functioned per¬ 
mitting the operate delay to actuate. Then 28- 
volt d. c. is available throughout the system and 
115-volt a. c. is applied to the rectifier cir¬ 
cuits that produce the various B-plus voltages. 

Phase C power is applied to transformer 
T3, which feeds three full-wave rectifiers. 
The output of each rectifier section is filtered 
and regulated to positive 300-volt d. c., nega¬ 
tive 250-volt d. c., and positive 150-volt d. c. 
respectively; as shown in figure 14-16. 


TRANSMITTING SYSTEM. - The transmit¬ 
ting system illustrated in figure 14-17 consists 
essentially of the PRF generating circuits (lo¬ 
cated in the synchronizer), modulating circuits, 
and a portion of the waveguide assembly. The 
pulse is generated by a free-running multivi¬ 
brator which produces the required PRF's. 

The PRF generator is a plate coupled free- 
running multivibrator with a balance control 
(potentiometer) in the grid circuit to provide 
alternations of equal duration. The center tap 
of the balance control is returned to a voltage 
divider network composed of variable resis¬ 
tors. Each PRF used by the set is controlled 
by a separate variable resistor and selected as 
required by relays. Each is independently ad¬ 
justable with no interaction between them. 

The output from the cathode of one side of 
the PRF generator is transformer-coupled to 
the PRF driver. The output of the driver is 
also transformer-coupled to the modulator 
thyratron which in turn triggers the line dis¬ 
charge thyratron. As a result, the PFN dis¬ 
charges through the pulse transformer, devel¬ 
oping the pulse that drives the magnetron. 

During rest time, the PFN is charged to a 
peak voltage of approximately twice the supply 
voltage through the charging choke and charg¬ 
ing diode. The diode cuts off when the reso¬ 
nant peak has passed preventing any discharge 
of the PFN through the power supply. Any ten¬ 
dency of the PFN to charge in the reverse di¬ 
rection (due to inductance in the circuit) after 
discharge is prevented by the inverse diode 
which provides a discharge path to ground. 

The despiking network con^sts essentially 
of a resistor in series with a capacitor in the 
PFN to provide filter action, which bypasses 
the high frequency components in the high volt¬ 
age pulse. This action lengthens the leading 
edge of the pulse and opposes any tendency of 
the magnetron to arc during high power opera¬ 
tion. In addition, this network is in parallel 
with the primary of the pulse transformer, thus 
providing an impedance match for the PFN un¬ 
til the magnetron fires. 

Relay action makes possible the choice 
of two different pulse widths from the PFN. 
The output of the PFN is coupled to the pulse 
transformer where it is stepped up for applica¬ 
tion to the cathode of the magnetron as a nega¬ 
tive pulse. The pulse transformer also pro¬ 
duces the radar trigger which is supplied to the 
indicating system and the range tracking 
system. 
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TRANSMITTING SYSTEM 



Figure 14-17.-Block diagram of the transmitting system 
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When the RF energy from the magnetron 
enters the waveguide, it ionizes the TR and 
ATR tubes and passes on to the antenna feed 
horn where it is radiated into space in a uni¬ 
directional pencil-shaped beam. The ionized 
TR tube protects the receiver during transmit 
time and the deionized ATR tubes keep the re¬ 
turned energy from being attenuated in the 
transmitting channel during receive time. 

The pulsed RF energy from the waveguide 
is concentrated and directed by the antenna. 
The feed horn is offset from the center axis of 
the reflector and is rotated by the spin motor. 
This offset focal point causes the energy to be 
lobed in a pencil-shaped beam about the center 
axis of the reflector. 

RECEIVING SYSTEM. - The receiving sys¬ 
tem, illustrated by the block diagram in figure 
14-18, consists essentially of the antenna and 


waveguide assembly, IF preamplifier and post¬ 
amplifier, video circuits, AFC circuits, and 
the AGC circuits. The target return is re¬ 
ceived by the antenna, routed, mixed with the 
local oscillator's output in the waveguide as¬ 
sembly, and amplified by the IF amplifiers. 
The IF signal is changed to video, amplified, 
sent to the indicating system, and the video 
circuits where it is gated by the range gate 
from the range tracking system. The gated 
video is used in the range tracking system. 
After it is stretched it is applied to the AGC 
circuits. The AGC circuits produce a negative 
output voltage proportional to the amplitude of 
the gated video. The IF amplifiers are pro¬ 
vided with manual gain during search and AGC 
during track operations. The local oscillator's 
frequency can be controlled manually at the 
control box or with the voltage from the AFC 
circuits. Either method changes the repeller 
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plate voltage to keep the IF at the required 
frequency. 

The antenna’s parabolic reflector collects 
and focuses the returned energy from the tar¬ 
get into the feed horn. During track operation, 
the returned signal from the selected target 
has an amplitude variation which reveals the 
direction of the target from the centerline of 
feed horn rotation. From the feed horn the 
energy passes through rotary joints and flexible 
waveguides to the receiver portion of the wave¬ 
guide assembly. 

The waveguide assembly in the receiver 
consists essentially of the AFC and receiver 
mixers, TR tube, local oscillator, and associ¬ 
ated waveguide and attenuators. (See fig. 14- 
18.) The received signals from the antenna 
pass through the deenergized TRtube to the re¬ 
ceiver hybrid mixer where they are mixed with 
the local oscillator's output. The mixed inputs 
are detected by the crystals and applied to the 
tuned push-pull input of the IF preamplifier. 
An extremely small fraction of the received 
signal is coupled through the one-hole coupler 
to the AFC mixer. However, this does not af¬ 
fect the operation of either mixer. 

A small amount of the pulsed energy from 
the magnetron also passes through the one-hole 
coupler to the AFC mixer when it is mixed with 
the output of the local oscillator. The detected 
output from the crystals is applied push-pull to 
the balanced-tuned transformer in the AFC cir¬ 
cuits. The AFC circuits then produce a change 
in output voltage to correct whatever error 
exists in the intermediate frequency. 

The frequency of the local oscillator is de¬ 
termined by the adjustment of the cavity and 
the repeller plate voltage. The repeller plate 
voltage is supplied by either the AFC circuit or 
the manual tune control on the radar control 
box. 

The IF amplifier circuit receives the IF 
signals from the receiver mixer crystals. The 
signals from the two crystals are 180° out of 
phase with each other and the local oscillator 
noise is in phase. The input transformer can¬ 
cels the noise and reinforces the target sig¬ 
nals. This feature greatly increases the signal 
to noise ratio of the receiver. A filter net¬ 
work on each half of the transformer primary 
winding provides crystal current to a meter 
assembly. 

The first IF amplifier is a cascode stage 
consisting of two tubes. The stage is tuned to 
the IF and provides an excellent signal to noise 


ratio. During track operation AGC is provided 
to the stage by a relay. 

The next two IF amplifiers are a timed pair 
with the first amplifier tuned above and the 
second below the IF, providing a total bandpass 
of approximately 5 MHz. Each is cathode 
biased and both have back bias resistors in the 
cathode circuits to prevent detuning due to 
changes in bias. During search operation, the 
gain of these stages is controlled manually by 
the operator. AGC is provided during the ac¬ 
quisition and track modes of operation. 

The next three IF amplifiers are a triple 
tuned series and are tuned below, above, and 
to the IF respectively. The gain of all three 
stages may be controlled manually or by AGC, 
depending on the mode of operation. However, 
the gain control voltage supplied is less than 
in the previous stages because the gain voltage 
must pass through an additional cathode fol¬ 
lower. (See fig. 14-18.) 

The final IF amplifier which is tuned to the 
intermediate frequency has cathode bias, but 
does not have AGC or a back-bias resistor. 
However, during FTC operation a resistor is 
placed in parallel with the cathode bias resis¬ 
tor to increase the gain of the stage. The out¬ 
put of the stage is transformer-coupled to the 
second detector. 

A filter in the plate circuit of the second de¬ 
tector removes the IF component and passes the 
video pulses to the video amplifier. When the 
radar set is put into FTC operation, the cou¬ 
plingtime constant is reduced from very long to 
very short. This action causes large blocks of 
signals to be broken up, and targets become 
more distinguishable. 

The video signals pass from the video am¬ 
plifier through a cathode follower to the track 
time selector in the AGC circuit. However, the 
ungated video is also supplied to the indicating 
system. 

The automatic gain control voltage is applied 
to the IF amplifiers as soon as the radar lock- 
on switch is pressed by the operator. The 
switch energizes a relay that remains energized 
if the radar locks on a target and thus provides 
the AGC voltage. This voltage is negative and 
varies with the strength of the target signal. 
The video signal is gated, amplified, stretched, 
amplified a second time, demodulated, and fil¬ 
tered to produce the AGC output voltage. 

The track time selector is a coincidence 
amplifier. During track, the range gate ap- 
olied to the grid allows the tube to amplify any 
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video signals present on the suppressor grid. 
In a sense, the range gate turns the tube on for 
a fraction of a microsecond and keeps it cut off 
during the remainder of each receiver listen¬ 
ing period. The gated video is inverted, am¬ 
plified, and sent to a cathode follower. The 
purpose of the AGC circuit is to maintain the 
gated video signal output from the cathode fol¬ 
lower to the range tracking system at a constant 
amplitude. 

The gated video output of the cathode fol¬ 
lower is also supplied to the pre stretcher (di¬ 
ode) whose output is supplied to the feedback 
amplifier. The video at the cathode of the pre- 
stretcher causes a charge on a capacitor at the 
grid of the first stage of the feedback amplifier. 
When the video pulse is present on the grid of 
the cathode follower, the capacitor charges 
through the diode prestretcher and the cathode 
follower. 

After the video pulse has passed, the capa¬ 
citor discharges through the cathode resistor 
of the cathode follower and the resistor which 
is in parallel with the prestretcher. The dis¬ 
charge time is approximately five times the 
charge time. Figure 14-19 shows the circuitry 
for the cathode follower, prestretcher, and the 
input stage of the feedback amplifier. 

The stretched video is amplified and inverted 
in the feedback amplifier. Feedback from the 
cathode of the last stage in the feedback am¬ 
plifier to the cathode of the first stage is used 
to improve the gain stability and linearity of the 
circuit. Plate to grid feedback in the last stage 
provides increased gain stability and lower out¬ 


put impedance. Constant gain in the feedback 
amplifier is necessary to keep the gated video 
signal input to the range tracking system 
constant. 

The output of the feedback amplifier, a neg¬ 
ative stretched video pulse, is applied to the 
demodulator. The range gate is also applied to 
the demodulator by way of the discharge (triode) 
circuit. The output of the demodulator is sup¬ 
plied to a cathode follower from which two out¬ 
puts are taken. 

One output, the angle track error signal, is 
fed through a capacitor to remove the d-c com¬ 
ponent and is sent to the antenna servosystem. 
The antenna beam is lobed in a circular pattern 
at 50 Hz and if the target is not centered in this 
conical scan, the strength x>f the video will vary 
at that frequency. The phase of this variation 
is an indication of the direction the antenna 
should be moved to center the target. The am¬ 
plitude of this signal indicates the amount of an¬ 
tenna deviation from the center of the beam. 
The error signal provides this information to 
the antenna system. 

The second output from the cathode follower 
is passed through a filter that removes the high 
frequency components from the negative volt¬ 
age. This output is also limited to prevent it 
from ever becoming positive. A sensitivity ad¬ 
justment in the cathode of the limiter insures a 
zero output for a zero input. The negative d-c 
output from the filter and sensitivity block is 
applied byway of a relay to another cathode fol¬ 
lower during track operation. The output of this 
cathode follower is then applied directly to the 
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preamplifier section of the IF circuits and 
through an additional cathode follower to the 
postamplifier section for automatic gain control. 

The automatic frequency control voltage is 
applied to the local oscillator repeller plate by 
way of a relay when the tune control on the ra¬ 
dar control box is in the AFC position. The 
AFC voltage has a triangular waveform. When 
the AFC is searching, the voltage has a large 
variation ((I) of fig. 14-20) so that the frequency 
sweep of the local oscillator is sufficient to 
bring the intermediate frequency within the 
range of the discriminator. When the AFC is 
locked on, the amplitude of the voltage varia¬ 
tion is small and the local oscillator frequency 


(A) 





(H) 



(I) 



(J) 
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Figure 14-20. -Waveforms for AFC search. 


is kept very close to 30 MHz above the magne¬ 
tron frequency. 

The AFC search operation begins with the 
search timing multivibrator, shown in figure 
14-18, whose frequency is approximately 1 Hz. 
A square wave signal ((A) of fig. 14-20) is taken 
from the plate circuit and applied to the sup¬ 
pressor grid of the pulse gated amplifier. The 
output from the plate of the amplifier is differ¬ 
entiated and applied to the phase inverter. (See 
(C) and (D) of fig. 14-20.) The two outputs’ ((E) 
and (F) of fig. 14-20) of the phase inverter are 
supplied through trigger diodes to the bistable 
multivibrator. 

NOTE: The diodes pass only the negative 
triggers. The bistable multivibrator output is 
a square wave which is integrated and sent to 
the integrating amplifier. (See (G) and (H) of 
fig. 14-20.) The output of the integrating am¬ 
plifier is applied to the repeller plate of the lo¬ 
cal oscillator by way of a cathode follower. 
Here the voltage variation causes the local os¬ 
cillator frequency to vary until the correct in¬ 
termediate frequency is reached. 

The square wave output of the bistable mul¬ 
tivibrator is also differentiated ((G) and (J) of 
fig. 14-20) and applied to the search stop diode 
shown in figure 14-18. This input, however, is 
occurring at such a low rate that it cannot build 
up much negative charge in the timing multigrid 
circuit, since it all leaks off between pulses. It 
is also the wrong phase to trigger. Therefore, 
it has no effect during AFC search. 

When the variation of the local oscillator 
frequency brings the intermediate frequency 
close to the required frequency, an output is fed 
from the AFC crystals to the IF amplifiers. 
The output of the amplifiers is applied to the 
discriminator which is tuned to provide a zero 
output at the intermediate frequency, maximum 
negative at approximately 2 MHz below the in¬ 
termediate frequency and maximum positive at 
approximately 2 MHz above the intermediate 
frequency. The output of the discriminator is 
applied to the gated pulse amplifier simultane¬ 
ously with the gate from the search timing mul¬ 
tivibrator. When the gate is positive, pulses 
from the discriminator pass through the ampli¬ 
fier. When the gate is negative, the gated pulse 
amplifier is cut off. 

The output of the gated pulse amplifier is 
fed to a phase splitter where the signal is split 
as shown in (B) and (C) of figure 14-21. For 
each pulse from the discriminator there will be 
a negative trigger applied to the bistable mul¬ 
tivibrator. (It should be recalled that the 
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trigger tubes pass only the negative triggers.) 
However, as may be observed in waveform (A), 
figure 14-21, successive pulses from the dis¬ 
criminator may be of the same polarity. Thus 
successive negative triggers may be applied to 
the same tube of the multivibrator. When this 
situation occurs, the multivibrator is triggered 
only by the first pulse of the group, and is not 
triggered again until the discriminator output 
changes polarity. 


(A1 Vhnr JLJ VW L r 

(B) 

lc > rV^hnn r VhrS rl * 

id) Lru i n n_n_r 


If the intermediate frequency is not lowered 
to the correct frequency by the time of the next 
transmitted pulse, the discriminator output re¬ 
mains positive, the multivibrator is not trig¬ 
gered, and the intermediate frequency continues 
to decrease. If the intermediate frequency is 
driven below the correct frequency, the dis¬ 
criminator output becomes negative, the multi¬ 
vibrator is triggered, the AFC voltage becomes 
negative going and thus the intermediate fre¬ 
quency starts to increase. 

During AFC lock-on, the differentiated out¬ 
put ((D) and (F) of fig. 14-21) from the bistable 
multivibrator becomes very important. As 
mentioned previously, when the AFC is search¬ 
ing the negative pulses from the search stop di¬ 
ode have no effect. However, when the dis¬ 
criminator pulses start coming in, the bistable 
multivibrator is triggered at a much higher 
rate. Therefore, the negative pulses passed by 
the search stop diode keep this section of the 
multivibrator cut off. If the intermediate fre¬ 
quency drifts beyond the range of the discrim¬ 
inator, AFC search begins again. 
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Figure 14-21. -Waveforms for AFC lock-on. 

The output ((D) of fig. 14-21) from the bi¬ 
stable multivibrator is integrated and ampli¬ 
fied before it is fed to the cathode follower and 
to the local oscillator. However, the triangu¬ 
lar waveform is no longer regular but varies 
with the polarity of the pulses from the dis¬ 
criminator. If the local oscillator frequency is 
too high, the intermediate frequency is also too 
high and the output from the discriminator is a 
positive pulse. Referring to figure 14-21, it 
may be seen that the integrated signal to the 
amplifier ((E) of fig. 14-21) is negative going 
when the discriminator output is positive. 
Hence, the voltage on the repeller plate is be¬ 
coming less negative and the local oscillator 
frequency decreases. 


RANGE TRACKING SYSTEM. -In the process 
of range tracking, the target is selected by 
bracketing it between the range strobes on the 
indicator. During track, the range gate is fixed 
over the selected target, passing the video that 
falls within the gate and rejecting all returns 
from sources at shorter or greater ranges. 
This gated video is used to correct the range 
voltage, which in turn selects the position in 
time of the range gate. The error between the 
position of the range gate and the target video 
is the range error, and the range track loop is 
designed to continuously nullify this error, 
causing the range gate to track the target motion 
in range. In addition, the range voltage is sent 
to the armament control director and indicating 
system. 

During the search phase the range tracking 
loop is not closed and the position of the track¬ 
ing gate is dependent upon the setting of the 
range strobe control. Figure 14-22 is a block 
diagram of the system during search operation. 
The sawtooth generating circuits produce a lin¬ 
ear sawtooth each time they are triggered. A 
negative d-c voltage at the range strobe control 
is the input to the second operational amplifier 
which produces a positive range voltage output. 
The comparator produces a positive trigger for 
each sawtooth input when the sawtooth voltage 
becomes equal to the range voltage. Thus, the 
time of this trigger is made proportional to the 
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Figure 14-22. -Block diagram of the range tracking system during search. 
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range voltage. The triggered gate generating 
circuits produce a range gate, which is passed 
through a delay line to produce the early gate 
and through an additional delay line to produce 
the late gate. 

Gated video from the receiving system is 
fed to the bipolar video amplifier. The gated 
video signal is shaped, emerging from the bi¬ 
polar video amplifier as a bipolar (sine wave) 
signal. During search, the gated video is very 
irregular because no one target is bracketed by 
the range strobes at all times. 

The sawtooth generating circuits are shown 
in block form in figure 14-22. The radar trig¬ 
ger, which is coincident with the firing of the 
magnetron, allows the normally cutoff trigger 
amplifier to conduct, triggering the range 
sweep multivibrator. The negative gate from 
the multivibrator cuts off the sawtooth genera¬ 
tor allowing the range slope capacitor t o 
charge. The disconnect diode and the bootstrap 
cathode follower causes the slope capacitor to 
charge at a linear rate. 

During search, the input to the second oper¬ 
ational amplifier, as shown in figure 14-22, 
is the range strobe control voltage. The output 
of the differential amplifier is fed through the 
other stages to the output cathode follower. 
Negative feedback to the differential amplifier 
is provided to insure stability. The range volt¬ 
age output varies directly with the voltage from 
the range strobe control. 

The range voltage from the second opera¬ 
tional amplifier is applied to the cathode of the 
comparator and the range sweep to the plate. 
When the sawtooth voltage exceeds the range 
voltage, the comparator diode conducts and the 
resulting output is coupled to the rise rate am¬ 
plifiers and trigger amplifier. When the trig¬ 
ger amplifier conducts, the line controlled 
blocking oscillator is triggered and produces a 
pulse which is the range gate. The range gate 
is passed through two additional delay lines to 
produce the early and late gates. 

As illustrated in figure 14-22, gated video 
is applied to the bipolar video amplifier from 
which it is applied to the range and target de¬ 
tector circuits along with the early and late 
gates. During search, the video signals are 
irregular because the antenna is scanning and 
the range error circuits are inoperative; thus, 
the range tracking loop is not closed. 

The acquisition phase is initiated when the 
range strobes are positioned to bracket the tar¬ 
get, the azimuth strobe is placed at the select¬ 
ed target azimuth, and the lock-on switch is 


pressed,'the range strobe sweep multivibrator 
originates a signal which causes the gates to 
sweep over a range of 1 mile. If there is a 
target within this range, the system locks on 
and the range strobe no longer sweeps. Figure 
14-23 is a block diagram of the range tracking 
system during acquisition and track operation. 

The range strobe sweep multivibrator, 
which was cut off during search operation, be¬ 
gins to free run, and its output alternately en¬ 
ergizes and deenergizes the range sweep re¬ 
lay, Kl, shown in figure 14-23. When the re¬ 
lay is energized, the inputs to the differential 
amplifier are the same as during search. When 
it is deenergized, the range strobe control is 
grounded and the output of the first operational 
amplifier is applied to the second operational 
amplifier by way of the differential amplifier. 
The feedback network also changes when the 
relay is deenergized. 

The initial output level of the second opera¬ 
tional amplifier is determined by the charge on 
the 2-^f capacitor in the feedback circuit. The 
other capacitor shown in figure 14-23, which 
was formerly grounded, begins to charge, pro¬ 
viding an increasing positive input to the am¬ 
plifier. This increasing voltage causes an in¬ 
crease in the range voltage output. 

The output change is fed back through the 
2-|if capacitor to the differential amplifier and 
the output resulting from the two inputs is a 
linearly rising voltage. Thus, the range volt¬ 
age at the output of the second differential am¬ 
plifier is proportional to the setting of the 
range strobe control during one part of the 
multivibrator cycle, and increases from that 
value during the other part to provide the 
1-mile sweep. 

The operation of the sawtooth generating 
circuits, comparator, gate generating circuits, 
and the video circuits are the same during ac¬ 
quisition as during search operation. The 
early and late gates are produced also as they 
were in the search phase and applied to the 
range error and target detectors. 

When placed in the acquisition phase, the 
output of the range error detector is applied as 
an input to the first differential amplifier and 
ground is also removed from the target detec¬ 
tor. Bipolar video from the bipolar video am¬ 
plifier is applied to both the range error 
clamper and the target clamper. The late and 
early gates are also applied to the range error 
and target clamper respectively. 

Only the central portion of the video is 
passed by the range error clamper to the range 
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Figure 14-23. -Block diagram of the range tracking system (acquisition and tracks). 
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error detector. The output of the detector is 
proportional to the misalinement of the gate and 
the video. When no gate is applied both sec¬ 
tions of the detector are cut off. When the late 
gate is centered on the video, the output is 
zero; if the video is early, the output is posi¬ 
tive; if the video is late, the output is negative. 

When the range gate passes over a target, 
and error voltage is obtained from the detector 
and applied to the first differential amplifier, 
thus closing the range tracking loop. The out¬ 
put of this amplifier counteracts the increasing 
voltage at the input to the second differential 
amplifier and stops the range gate near the 
target. The positive or negative output from 
the range error detector coupled through the 
differential amplifier to the gate generating 
circuits, repositions the range gate until the 
late gate lies directly over the bipolar video. 
In this manner the range circuits can track any 
variation in target range. 

When the range gate is stopped near a tar¬ 
get, the negative portion of the bipolar video is 
passed through the target detector clamper to 
the target detector which produces a negative 
signal output. The target detector clampers 
are cut off by the early gate to pass the nega¬ 
tive bipolar video. If negative video is present 
at the time of the gate, the detector supplies a 
negative signal to a d-c amplifier. The am¬ 
plifier produces equal negative and positive 
outputs which are supplied to another d-c am¬ 
plifier which controls the current through the 
track control realy. The polarizing diode shown 
in figure 14-23 allows the relay to energize 
only when the output of the detector is negative. 
When a target bracketed by the range strobes 
supplies the proper dectector output, the track 
control relay energizes and places the system 
in track operation. 

During track operation the range error sig¬ 
nal represents the difference between the gate 
position and the target range. The output of the 
first operational amplifier represents range 
rate, and the output of the second operational 
amplifier represents range. During track 
operation the range tracking system is a closed 
loop as shown in figure 14-23. 

When the target fades, the track control re¬ 
lay will deenergize. Then all search-track re¬ 
lays will deenergize and the system will return 
to search operation. 

ANTENNA SYSTEM. -The antenna system is 
discussed very briefly in this chapter. A typ¬ 
ical antenna servosystem of that type employed 
in this system is discussed in detail in chapter 


8 of Aviation Fire Control Technician 3 & 2. It 
is recommended that the portion of that chapter 
pertaining to the antenna system be reviewed 
before continuing further. Reference to the 
figure shown in that section should prove bene¬ 
ficial during the following discussion. The por¬ 
tion of chapter 10 in Aviation Fire Control 
Technician 3 & 2, pertaining to one-plane rate 
gyros should be reviewed also, since they are 
applicable to this antenna system. The antenna 
system functions to supply information repre¬ 
sentative of target bearing, antenna position, 
and antenna rate in azimuth and elevation to the 
various units of the intercept system. 

During search operation, the antenna scan 
pattern is stabilized in azimuth and elevation in 
order to prevent loss of target due to aircraft 
climb and roll motion. Regardless of aircraft 
maneuvers, the antenna scan motion is always 
parallel to the horizon, and antenna elevation is 
maintained through climb and dive. Simul¬ 
taneously, the indicator presentation is stabi¬ 
lized with respect to climb and roll in order to 
indicate target position relative to the aircraft. 

The antenna search servosystem consists of 
a closed driving loop and an open loop which 
references the driving loop position voltages to 
the vertical gyro. Climb and roll signals from 
the vertical gyro drive the climb and roll ser¬ 
vos in the FDU. Servoamplifiers drive motors 
which position the climb potentiometers, sta¬ 
bilization resolver, roll gravity deflecting re¬ 
solver, and horizon resolver. (See fig. 14-8.) 

It should be noted that the rotors of the ref¬ 
erence resolver and followup resolver are 
clamped to a fixed position to prevent rotation. 
All resolvers, except the horizon resolver and 
gravity deflection resolvers, receive excitation 
voltage from a precesion power supply in the 
FDU. The stator windings of the stabilization 
resolver (azimuth and elevation) supply excita¬ 
tion voltage to components in the scan pattern 
generator and the radar set control, which de¬ 
termine antenna azimuth and elevation com¬ 
mand signals. The potentiometer, in parallel 
with the elevation output of the stabilization re¬ 
solver, adjusts the stator output voltages with 
respect to climb, and the resolver determines 
the phase angle of the output. The azimuth 
stator of the stabilization resolver is also con¬ 
nected to the indicating system for stabilization 
of the B presentation. 

Azimuth scan signals are produced in the 
scan pattern generator by a motor driven poten¬ 
tiometer. Elevation jump is produced by al¬ 
ternately short circuiting resistors, and 
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potentiometers control the position of the sector 
scan. The azimuth and elevation voltages from 
the scan pattern generator and the FDU are 
summed and, after amplification, applied to the 
azimuth and elevation channels respectively. 
Here the d-c signals are converted to propor¬ 
tional a-c voltages to drive the antenna position 
motors. 

During track operation the antenna system 
uses the modulation of target amplitude caused 
by the lobing pattern to generate an error sig¬ 
nal. This error signal is received from the 
AGC circuits in the receiving system and com¬ 
pared by the antenna system phase wise with 
the azimuth and elevation coordinates of the 
feed horn rotation. The polarity and magnitude 
of the resultant d-c voltages indicate the direc¬ 
tion of the target and its distance from the cen¬ 
ter of the lobing pattern. These voltages com¬ 
bined with voltages proportional to the antenna 
angular rate are used to control the antenna 
drive motors to center the antenna axis on the 
target. 

COMPUTING SYSTEM.-At this point it is 
necessary to compute all known quantities to 
solve for the intercept problem. Since a com¬ 
puter of this type is discussed in detail in Avia¬ 
tion Fire Control Technician 3 and 2, it is con¬ 
sidered here only in brief form in order to com¬ 
plete the system. 

The tracking radar supplies the director 
with rate and position signals from the antenna 
and target range signals from the synchronizer. 
The FDU, discussed in chapter 10 of Aviation 
Fire Control Technician 3 and 2, furnishes sig¬ 
nals representing true airspeed, air density, 
and resolved gravity drop. Airstream direc¬ 
tion detectors deliver angle of attack and skid 
signals. 

The armament control director (ACD) cir¬ 
cuits combine this data in the solution of the 
firing problem, which is presented on the indi¬ 
cator as steering information for lead collision 
or lead pursuit during air to air attack mode. 

INDICATING SYSTEM.-The indicating sys¬ 
tem consists of the circuits concerned with the 
display of information on the CRT indicator. 
The majority of these circuits are housed in the 
indicator control unit. A three-gun CRT is 
used to display the required information to the 
pilot as shown in table 14-2. Therefore, the 
indicating system employs three primary cir- 
cuits-A-gun, B-gun, and C-gun circuits-each 
of which is discussed. Electronic switching 
makes it possible to present two indications 
from the same gun. 


Table 14-2. -CRT information displays. 


Gun 

Search 

Track 

A 

Elevation strobe. 

Range rate circle. 


Horizon line. 

Horizon line. 

B 

B sweep. 

B sweep. 

C 

Azimuth strobe 

Steering circle. 
Steering dot. 


Since the A-gun circuit presents two items 
of information on the indicator during each 
mode of operation, it is evident that a compos¬ 
ite blanking signal of the CRT during sweep 
time will be necessary. The A-gun presenta¬ 
tion may be said to be time shared between the 
horizon line and the elevation strobe or range 
circle. The elevation strobe or range circle 
cannot be displayed at the same time as the 
horizon line or vice versa. 

The deflection circuits must also be timed 
accordingly; that is, the deflection voltages for 
the elevation strobe or range circle must not be 
present on the deflection plates of the CRT when 
the horizon line is being displayed or vice 
versa. Therefore, two information supplying 
circuits are required to control the A-gun. 
One of these, the blanking circuit, is used to 
control timing; the other, the deflection circuit, 
is used to provide the deflection voltages. 
However, both have a common gating and 
switching circuit which is illustrated in block 
diagram form in figure 14-24. 

It should be noted that the master timing 
element is a 1-KHz oscillator, whose output is 
a sinusoidal waveform, (See waveform (a), fig. 
14-24 (B).) In addition to being supplied to the 
deflection and blanking circuits, its output is 
applied to an amplifier ard differentiating net¬ 
work. The network's positive output spikes 
(waveform (b)) are used to trigger the tran¬ 
sient blanking multivibrator during both search 
and track operation. 

The output pulse of the multivibrator is a 
square wave as shown by waveform (c). It is 
supplied to the blanking circuit to blank the A 
gun during the period when the display is chang¬ 
ing from the horzion line to the elevation strobe 
or range circle and vice versa. The transient 
blanking pulse is also passed through a delay 
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Figure 14-24. - (A) Block diagram of the A-gun gating and switching circuits; (B) 

A-gun gating and switching circuit waveforms. 


network to a trigger follower, the output wave¬ 
form (d) of which triggers the switching multi¬ 
vibrator. The short delay permits the tran¬ 
sient multivibrator to stabilize before the 
switching multivibrator is triggered and also 
insures that the CRT is blanked during the 
transition between shared displays. The 


switching gates waveforms (e) and (f) are sup¬ 
plied to the blanking and deflection circuits by 
way of the switching cathode follower. An ad¬ 
ditional input to the blanking circuit is supplied 
from the cathode follower. 

The A-gun blanking circuits are discussed 
in four sections: transient, horizon line, 


406 


Digitized by Google 










Chapter 14-TYPICAL AIRBORNE MISSILE CONTROL SYSTEM 




AQ. 283 

Figure 14-25. - (A) Block diagram of A-gun blanking circuits; (b) A-gun blanking circuit waveforms. 
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elevation strobe, and range rate blanking cir¬ 
cuits. The transient and horizon line blanking 
pulses are combined with either the elevation 
strobe or range rate blanking pulse to produce 
the composite blanking pulse which is applied to 
the control grid of the A-gun in the CRT. 

The transient gate from the switching cir¬ 
cuit is applied to the transient blanking ampli¬ 
fier where it is amplified, inverted, and ap¬ 
plied to the composite blanking cathode fol¬ 
lower. The circuit and waveforms are shown 
in figure 14-25. 

The horizon line blanking pulse is produced 
by applying the 1-KHz output from the master 
timing oscillator to a phase splitter. The two 
1-KHz outputs are applied to a full-wave rec¬ 
tifier which produces a 2-KHz pulsating d-c 
voltage. The output is gated in the horizon line 
amplifier by the horizon line gate from the 
switching circuit to produce the horizon line 
blanking pulse shown in figure 14-25 as wave¬ 
form (b). This output is then combined with 
the other blanking pulses to produce the com¬ 
posite blanking pulse. 

The elevation strobe gate is applied to the 
elevation strobe delay. The output of the delay 
circuit is amplified and inverted and forms part 
of the composite video during search. (See 
waveform(c), fig. 14-25 (B).) However, in 
track operation it should be noted that this out¬ 
put is not used. 

During track operation the range rateblank¬ 
ing pulse is used to form the composite blank¬ 
ing pulse. The range rate gap is produced by 
overdriving the 1-KHz signal (fig. 14-25) and 
using the leading edge to trigger a phantastron 
which produces a negative-going sawtooth of 
voltage. This signal is applied through a ca¬ 
thode follower to a comparator which also re¬ 
ceives an input of range rate voltage from the 
armament control director. 

The output is a negative pulse which is a 
function of range rate. The output is inverted 
and differentiated by the trigger amplifier and 
applied as a trigger to the range rate multi¬ 
vibrator. The output of the multivibrator is a 
very narrow positive pulse which is applied to 
a cathode follower and mixed with the range 
circle blanking pulse, thus producing the range 
rate gap in the range circle. The location of the 
in the range circle is determined by the time 
required for the comparator to conduct which is 
a function of the range rate voltage from the 
armament control director. 

Depending upon whether the equipment is in 
the search or track mode of operation, either 


the elevation strobe blanking pulse or the range 
rate blanking pulse respectively is amplified 
and inverted, and applied to the composite 
blanking cathode follower to form the composite 
blanking pulse. The composite blanking pulses 
for either search or track operation are shown 
as waveforms (e) and (f) respectively in figure 
14-25. 

The A-gun deflection circuits are gated by 
the gates from the gating and switching circuits 
previously discussed. They feed deflection 
voltages to the deflection plates of the A-gun in 
the CRT. It should be recalled from figure 
14-24 that two switching gates 180° out of phase 
are supplied to the deflection circuits from the 
switching output cathode follower. One gate is 
applied to the horizon line amplifiers and the 
gate to the range circle amplifiers. Thus, 
when the horizon line amplifiers are conduct¬ 
ing, the range circle amplifiers are cut off and 
vice versa. 

(NOTE: Elevation strobe voltages pass 
through the range circle amplifiers also, but 
only during search operation.) (See fig. 14- 
26.) 

The horizon line is generated in the horizon 
resolver in the FDU and results from a com¬ 
bination of three factors-the climb angle of the 
aircraft, and the sine and cosine of the roll 
angle. The 1-KHz output of the master timing 
oscillator is applied to the resolver and de¬ 
modulator driver, whose output is than applied 
to the horizon resolver and the horizontal and 
vertical climb demodulators as a reference 
voltage. (See fig. 14-26.) The two a-c outputs 
from the resolver are varied in amplitude by 
an amount corresponding to the sine and co¬ 
sine of the roll angle of the aircraft. These 
signals consist of horizontal and vertical com¬ 
ponents of the horizon voltage and are applied 
the two climb potentiometers in terms of co¬ 
sine and sine of the roll angle, respectively. 

The same outputs are also applied to the 
horizontal and vertical amplifiers, but includ¬ 
ing a correction for climb angle which is in¬ 
troduced by potentiometers in the FDU. The 
demodulators supply the bias voltage for the 
horizon line amplifiers whose outputs are sup¬ 
plied to the deflection amplifiers. The horizon 
line deflection voltages are combined with the 
range circle deflection voltages in the deflec¬ 
tion amplifiers and then applied to the CRT de¬ 
flection plates. 

The range circle is produced by an output 
from the 1-KHz oscillator which is fed through 
the range circle modulator to the horizontal and 
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Figure 14-26. -Block diagram of A-gun deflection circuits. 
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vertical range circle amplifiers, and then to 
the deflection amplifiers. The diameter of the 
range circle is controlled by the range voltage 
from the armament control director which is 
applied to the range circle modulator by way of 
the range circle cathode follower. 

The elevation strobe is produced by apply¬ 
ing the 1-KHz signal to the horizontal deflec¬ 
tion plates during search operation only. The 
signal is supplied to the horizontal range circle 
amplifier. The horizontal and vertical position 
of the strobe is controlled by d-c voltages from 
the antenna control available to the operator. 

The B-gun circuits are discussed in terms 
of the range sweep (vertical deflection), azi¬ 
muth sweep (horizontal deflection), and the 
video circuits. 

The range sweep circuit output is applied to 
the vertical deflection plates associated with 
the B-gun. A range sweep circuit is discussed 
in considerable detail in chapter 5 of this 
manual. Therefore, the following discussion is 
limited to a block analysis of the range sweep 
circuit. Figure 14-27 is a block diagram of 
the circuit. 

A positive trigger pulse coincident with the 
firing of the magnetron is applied to the sweep 
phantastron through the trigger-inject cathode 
follower. The output of the sweep phantastron 
is a negative going sawtooth of voltage. The 
duration of the sweep is controlled by relays in 
the grid circuitry of the phantastron which 
select the proper RC networks to produce 
sweeps equal in time to various ranges. The 
range desired is selected by the operator. 

The output sweep is passed through the out¬ 
put cathode follower to the sweep amplifier. 
The negative sweep sawtooth is amplified, in¬ 
verted, and clamped before being applied to the 
differential sweep amplifier. The output of the 
differential amplifier is push-pull and is ap¬ 
plied directly to the vertical deflection plates. 

The B-gun azimuth sweep circuit is also 
shown in figure 14-27 by block diagram. 

The B-gun azimuth deflection voltages are 
derived from the output of the followup re¬ 
solvers in the FDU. It serves to energize the 
azimuth and elevation position inductors of the 
antenna with a 400-Hz voltage. The signals 
from the inductors, which are mixed in the 
summing amplifier, are indicative of the an¬ 
tenna's position in azimuth and elevation. The 
output of the summing amplifier is applied to the 
demodulator by way of a cathode follower. The 
demodulator compares the input signal with the 
original 400-Hz reference voltage used to 


energize the position inductors. The input sig¬ 
nal is demodulated and the resulting signals are 
applied as deflection voltages to the differen¬ 
tial sweep amplifier. Its output is a push-pull 
voltage which is coupled to the horizontal de¬ 
flection plates of the B-gun. 

During roll, the position of the roll re¬ 
solver is changed mechanically by the motion 
of the aircraft, thus varying the level at which 
the demodulator operates. When the wings of 
the aircraft are not parallel to the horizon, the 
antenna does not follow a true azimuth scan 
from the viewpoint of the azimuth position in¬ 
ductor. Therefore, a certain portion of the 
azimuth deflection signal must be generated in 
the elevation inductor; both the azimuth and 
elevation envelopes are mixed at the input to 
the summing amplifier. 

In order to compensate for the apparent 
yariations in target position due to the rotation 
of the spin motor, the 50-Hz reference voltage 
from the spin generator is applied to the hori¬ 
zontal deflection plates by way of the differen- 
tail sweep amplifier, thus increasing the width 
of the trace on the indicator. 

The B-gun video circuit consists primarily 
of the following three parts or sections: 

1. The range marker generator. 

2. The range strobe generator. 

3. The video mixer. 

The B-gun video circuit must generate 
range markers and range strobe markers which 
are mixed with video from the receiving sys¬ 
tem for application to the control grid of the 
B-gun. Figure 14-28 is a detailed block dia¬ 
gram of the B-gun video circuits and should be 
followed as the discussion progresses. 

The input to the range marker generating 
circuit is a positive square wave (gate) from 
the sweep phantastron which is equal in time 
duration to the sweep sawtooth. The gate is 
applied first to an amplifier, which inverts, 
amplifies, and supplies the signal to a cathode 
follower. The negative output from the cathode 
follower is supplied to the range marker gate 
amplifier and to the mixer circuit as a video 
pedestal. A positive gate from the gate ampli¬ 
fier is applied to the cathode of the switch diode, 
cuttingit off during sweep time. With the switch 
diode cut off the range marker multivibrator 
will free run and generate range marker 
gates. The output from the multivibrator (the 
range marker gates) is differentiated and ap¬ 
plied to a cathode follower. The differentiated 
square wave output, a series of negative and 
positive spikes, is applied to a heavily conduct¬ 
ing amplifier. Thus, the positive spikes have 
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little effect, but the negative spikes are ampli¬ 
fied and inverted. The positive spikes are ap¬ 
plied to the mixer circuit by way of a cathode 
follower. 

The range strobe generating circuit re¬ 
ceives a range gate (trigger) from the range 
computing system. It is a positive spike which 
is applied to a trigger inverter. The output, a 
negative spike, is supplied to the conducting 
tube of the range strobe multivibrator. The 
multivibrator produces a square wave with a 
time duration of 1 radar range mile. The out¬ 
put is differentiated and applied to the control 
grid of the phase splitter, a par aphase amplifier. 

It should be noted that this input is a posi¬ 
tive spike followed by a negative spike 12.36 
nsec later. One output of the phase splitter will 
be identical to the input and one will be 180° 
out of phase with the input. The two output 
signals are fed to identical amplifiers, both of 
which are biased at cutoff. Therefore, only the 
positive spike from each waveform will cause 
the tubes to conduct. The output from each 
amplifier is a negative spike and is separated 
by a time duration of 1 range mile. 

The negative spikes are supplied as trigger 
pulses for another single swing blocking os¬ 
cillator, the output of which is fed to the mixer 
amplifier. 

The video mixer circuits receive four in- 
puts-range marker, range strobe, video, and 
video pedestal-all of which are mixed and ap¬ 
plied to the control grid of the B-gun. The 
marker or strobe signals are coupled into the 
input to the mixer amplifier. The output is 
further amplified and combined with amplified 
video from the receiving system. The com¬ 
bined video signals are passed by way of a 
cathode follower through two stages of ampli¬ 
fication after which it is combined with the am¬ 
plified video pedestal. The composite video is 
then applied to the control grid of the B-gun by 
way of a cathode follower. 

The C-gun and its associated circuits are 
provided primarily to present steering circle 
and dot information on the CRT screen. How¬ 
ever, during search operation it does display 
the azimuth strobe. Figure 14-29 is a block 
diagram of the C-gun circuits and should be re¬ 
ferred to in the following discussion. 

During search the signal for producing the 
azimuth strobe is developed by the 5-kHz os¬ 
cillator as shown in figure 14-29. The signal 
is amplified and applied to the vertical deflec¬ 
tion plates. However, its vertical position 
on the screen is determined by a resistive po¬ 


sitioning network. The azimuth position of the 
strobe is determined by voltages from the an¬ 
tenna controller which are applied to the hori¬ 
zontal deflection plates. 

During track operation, the vertical and 
horizontal deflection outputs are used to pre¬ 
sent and position the steering dot and circle. 
The steering dot and circle information origi¬ 
nates in the ACD. The ACD produces an out¬ 
put voltage which is proportional to the differ¬ 
ence between the actual flight path of the air¬ 
craft and the optimum flight path for the scoring 
of hits on a target. These outputs are split 
into azimuth and elevation circle and dot chan¬ 
nels and are applied to their respective am¬ 
plifiers as shown in figure 14-29. 

The signals for producing the circle are 
generated by the 5-kHz oscillator also and are 
applied to the cathodes of the horizontal and 
vertical circle amplifiers. The error signals 
are applied to the control grids of their res¬ 
pective amplifiers as shown in figure 14-29. 
The output of the horizontal and vertical circle 
and dot amplifiers are time shared in the 
horizontal and vertical deflection amplifiers 
respectively, the outputs of which are applied 
in push-pull to the C-gun’s deflection plates. 

Although the circle and dot error voltages 
and the 5-kHz oscillator output are continuously 
fed to the respective amplifiers, the circle and 
dot must share the presentation time. The 
alternate display of the circle and dot is made 
possible by the switching gate multivibrator. 

The trigger generator amplifies and differ¬ 
entiates a 400-Hz input to produce the trigger 
for the switching multivibrator. The multi¬ 
vibrator produces two output gates, 180° out of 
phase, with one being supplied to the circle 
amplifiers and the other to the dot amplifiers. 
Thus, since each amplifier can pass the conti¬ 
nuously supplied information only when a posi¬ 
tive gate is present on the suppressor grids, 
the circle and dot are alternately displayed. 

The intensity pulse to the control grid of the 
C-gun is derived from a 400-Hz signal which 
is amplified by the intensity amplifier. The 
intensity pulse causes the scope to be unblanked 
for the duration of the circle and dot display. 

CW RADAR SET GROUP 

The CW radar set group, utilized with the 
previously discussed AI type radar missile 
control system, provides a modulated CW radio 
frequency signal which, when transmitted by 
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the antenna of the AI radar, is used to illumin¬ 
ate an airborne target. This signal, when re¬ 
flected from the target, is used with the mod¬ 
ulated CW-RF signal received directly. These 
signals are used by the CW radar target seeker 
in an air to air type missile (semiactive hom¬ 
ing) to guide the missile toward interception of 
the target aircraft. It also provides signals 
for prelaunch tuning and control of the missile 
and additional signals which are used by the AI 
radar to provide the pilot with adequate infor¬ 
mation to fully utilize the capabilities of the 
aircraft/missile combination. 

The CW radar set group is composed of four 
major units: 

1. Computer-modulator. 

2. Power supply. 

3. Radar transmitter and cooling system. 

4. Flight data computer. 

Principles Of Operation 

The CW radar set group utilizes these fre¬ 
quencies. The primary, or magnetron fre¬ 
quency, is normally called the "A" frequency. 
This is the fundamental CW radio-frequency. 
However, identification of the signal requires 
coding of the ” A” frequency by frequency modul¬ 
ating it with a frequency referred to as "B". 
The "A” frequency is also frequency modulated 
by another frequency, for range information to 
the missile, by a frequency referred to as "C". 
The frequency "B" coding signal is also ampli¬ 
tude modulated at the frequency ”C" rate and is 
used for range reference in the missile. Thus, 
the emission from the AI antenna is actually a 
CW signal which has been frequency modulated 
by multiple signals. The purpose of these 
frequencies is explained later in the chapter. 

The power output delivered to the AI antenna 
from the CW radar will determine the missile’s 
normal control range. This range will vary, 
depending on the condition of the equipment, 
atmospheric conditions, and aircraft altitude at 
time of launch. 

The normal type AI radar, when used with 
the CW system, must be modified with a duplex¬ 
ing arrangement which will render the AI radar 
antenna capable of handling both CW and pulsed 
signals simultaneously. 

The CW radar set group accepts target 
range information from the AI radar and com¬ 
putes the target's closing velocity. It is used 
in conjunction with the launching aircraft’s true 
airspeed and altitude data to provide fire con¬ 
trol information to the guided missile launch¬ 
ing set. 


In addition, range data from the AI radar 
is used by the CW radar set group to produce 
a simulated Doppler signal that is within the 
region of the Doppler signal to be received by 
the missile’s target seeker group. The sim¬ 
ulated Doppler signal is applied to the mis¬ 
sile’s speed gate circuits, causing it to lock in 
the anticipated Doppler frequency region. 

Prior to launch (out of range), the CW radar 
set group transmits pseudo and rear signals to 
the missile. A portion of the transmitted 
energy is picked off and fed to the pseudo and 
rear signal circuits. The pseudo signal is 
produced by a crystal modulating tee operating 
as a single sideband generator, mixing two 
signal inputs from the computer-modulator, 
with the transmitted energy. The upper side¬ 
band output is then coupled to the port and star¬ 
board pseudo antenna horns and picked up by 
the missile. The rear signal is distributed to 
the rear antenna horns through a magic-T and 
picked up by the missile’s rear receiver. 
These front and rear signals are compared and 
effect the tuning of the missile's local oscil¬ 
lator. However, when the pilot closes the 
master armament switch in the cockpit, the 
pseudo signal is turned off and the simulated 
Doppler signal is applied to the missile's speed 
gate. 

The AI radar antenna angle and rates are 
utilized by the CW radar set group to provide 
head aim and attitude control voltages for the 
missile plus lead angle steering signals for use 
by the AI radar attack display. 

Lead angle error signals are used by the 
lead angle interlock circuit in conjunction with 
the in-range interlock circuits to prevent fir¬ 
ing of the missile when the range is above 
maximum or below minimum, or lead angle is 
excessive. 

Unit Functions 

The basic functions of the CW radar set 
group and the essential flow of intelligence 
between major components comprising the 
missile control system in its missile function 
are illustrated in figure 14-30. The functions 
shown are simplified to illustrate the type of 
information exchanged within the missile con¬ 
trol system and do not represent the actual 
circuit connections. Figure 14-31 should be 
referred to for the following discussion on the 
CW radar units’ functions. 
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Figure 14-30. - Functional block diagram of a typical Airborne Missile Control System. 

COMPUTER-MODULATOR. -The computer 
assembly (lower half of the computer-modulator, 
unit 1) performs the following functions: 

1. Receives and processes target range 
signals from the AI radar and true airspeed and 
altitude pressure signals from the flight data 
computer (unit 4); and furnishes a range inter¬ 
lock to the launching set indicating when a spe¬ 
cific target is within range of the missile. 
These signals are also processed to provide 
firing range to go, and maximum range infor¬ 
mation for use by the AI radar. 

2. Receives target range and azimuth and 
elevation rates from the antenna; and furnishes 
the missile head-aim and attitude control (Eng- 
lish-bias) voltages and lead angle steering in¬ 
formation (aim-flot) to the AI radar display. 
The head aim output signal is a summation of 
antenna rate and position plus range applied to 
the missile's head control circuits to slave the 
missile's front antenna with the AI radar's an¬ 
tenna at launch. The English-bias output is also 
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Figure 14-31.-Magnetron cooling system, 
functional block diagram. 
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a summation of antenna rate and position plus 
range applied to the missile’s flight control cir¬ 
cuits to actuate control surfaces in establishing 
the proper missile collision attitude. The aim- 
dot output is fed to the AI radar indicator as the 
summation of antenna rate and position plus 
range, providing a lead pursuit course steering 
aid in the form of a dot on the attack display. 

3. Receives and processes altitude pressure 
data from the flight data computer for use by 
the missile’s autopilot gain control circuit. 
Thus, with a given angular error, the magnitude 
of the steering signals applied to the control 
surface servosystemis a function of the altitude 
of the missile at launching. 

4. Processesthe target signal range to pro¬ 
vide a simulated Doppler signal which corre¬ 
sponds to the expected signal of the specific 
target. The simulated Doppler output signal is 
fed to the missile and locks the missile’s speed 
gate in the region of the target Doppler. 

The modulator assembly of the computer- 
modulator performs the following functions: 

1. Supplies the voltage used by a ferrite 
isomodulator to frequency modulate the CW 
magnetron/klystron at a frequency "C” rate so 
as to provide range information to the missile. 

2. Provides the voltage used by a ferrite 
isomodulator to frequency modulate the CW 
magnetron/klystron at a frequency ”B” rate so 
as to provide coding used to identify the illumi¬ 
nating source to the missile. 

3. Amplitude modulates the frequency "B" 
coding signal at a frequency "C" rate to provide 
range reference for the CW target seeker of the 
missile. 

4. Provides a frequency-modulated voltage 
(frequency ”C" deviation) to be used to provide 
artificial target closing velocity and range in¬ 
formation (pseudo signal) to effect the tuning of 
the missile’s local oscillators, and to indicate 
proper missile target seeker operation prior to 
launch. 

5. Accepts and processes information at the 
ranging frequency from the isomodulator (P/O 
Unit 3) to effect bias rotation control of the iso¬ 
modulator. An interlock is included for pro¬ 
tection of the CW magnetron/klystron in the 
event of failure of the bias rotation voltage 
supply. 

HIGH-VOLTAGE POWER SUPPLY.-The 
power supply provides the filament and high 
voltage source for the magnetron/klystron. It 
contains a cam operated time delay circuit for 
proper operation of the system. This time 


delay circuit controls the application of the fil¬ 
ament voltage to the magnetron/klystron and 
28-v d. c. (delayed) to the klystron tuners lo¬ 
cated in the missile pylons. 

The unit is mounted in a pressurized shock- 
mounted case to allow operation at high alti¬ 
tudes. Cooling is accomplished by means of 
ram air forced through a plenum chamber where 
grooves in a cold plate deck aid in extracting 
heat. Two ports on the case provide air intake 
and exhaust for the plenum chamber. 

RADAR TRANSMITTER. -The radar trans¬ 
mitter consists of a magnetron/klystron assem¬ 
bly (newer systems utilize a multicavity klys¬ 
tron vice a magnetron), three CW isolators, two 
additional waveguide couplers, a filter-T as¬ 
sembly, a pseudo modulating T, two magic-T’s, 
two pseudo signal horns, two rear signal horns, 
and the magnetron cooling system. The radar 
transmitter performs the following functions: 

1. Generates the CW-RF carrier signal. 

2. Frequency modulates the CW-RF carrier 
at a frequency ”B” which is the coding signal 
used to identify the illuminating source to the 
missile. 

3. Frequency modulates the CW-RF output 
signal with a frequency ”C” signal for use by 
the CW radar target seeker of a missile for 
range reference. 

4. Provides suitable coupling, filtering, and 
isolation for the CW and pulse RF signals. 

5. Single sideband modulates an RF carrier 
signal with a pseudo Doppler frequency. 

6. Distributes and radiates a portion of the 
FM-CW carrier signal by means of the two rear 
signal horns. 

7. Distributes and radiates the modulated 
pseudo signal by means of the two pseudo signal 
horns. 

The magnetron assembly is the RF power 
source of the radar transmitter. It is com¬ 
prised of a CW magnetron/klystron, an isomod¬ 
ulator with a crystal detector, and associated 
plumbing. 

The microwave power source for CW illu¬ 
mination is a high power type magnetron/klys¬ 
tron operating at ”A” frequency. If a target 
were illuminated with pure CW energy alone, 
the reflected energy would provide only target 
speed, target direction, and warhead detonation 
information to the missile during flight. In 
order to provide other necessary information to 
the missile, the transmitted energy is frequency 
modulated. 
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This is accomplished through the use of an 
isomodulator located at the output of the mag¬ 
netron/klystron. The isomodulator is a ferrite 
device which is capable of rotating the plane of 
polarization of its microwave input. Two coils 
in this device receive "B" frequency and "C" 
frequency modulating signals from the com¬ 
puter-modulator. The input and output connect¬ 
ing waveguide portions of the isomodulator 
differ in polarization and, in the absence of 
modulating signals in the two coils, all of the 
CW energy is allowed to pass through. When 
the rotating plane of polarization is caused to 
depart slightly by the modulating signals, the 
output polarization is no longer correct for 
complete transmission. Consequently, a con¬ 
trolled mismatch is created at the output flange 
of the isomodulator. A portion of the micro- 
wave energy is reflected back through the iso¬ 
modulator input guide to the magnetron/klystron 
and the isomodulator location is such that this 
reflected energy pulls the magnetron/klystron 
at the two modulation frequencies. 

The "B" frequency signal which frequency 
modulated the "A" frequency signal is used for 
coding. This coding frequency is detected in 
the missile at the output of the rear IF am¬ 
plifier and is used to identify the missile with 
the illuminator of its own launching aircraft. 

The "B" frequency is amplitude modulated 
at "C" frequency providing range reference to 
the missile. 

A "C" frequency signal frequency modulates 
the "A” frequency signal to provide range in¬ 
formation to the missile. The "C" frequency 
FM is reflected from the target and is received 
by the missile’s front antenna. The "C” fre¬ 
quency signal is extracted and compared with 
the range reference to detect a phase difference 
proportional to target range. This intelligence 
is used by the range arming circuit of the 
missile. 

The CW injection plumbing, consisting of 
the waveguide and associated detail parts re¬ 
quired to inject high power microwave energy 
into the antenna of the AI pulse radar, is located 
in the nose section of the aircraft and performs 
the following functions: 

1. Directs microwave energy from the CW 
magnetron/klystron to the antenna of the AI 
radar. 

2. Prevents CW energy from entering the 
receiver of the pulse radar and, in turn, pre¬ 
vent pulse energy from affecting the CW 
magnetron/klystron. 


3. Prevents antenna search and scan varia¬ 
tions from pulling the CW magnetron/klystron 
away from its nominal frequency. 

4. Provides couplers for picking off energy 
for the rear and pseudo signal horns. 

The CW magnetron/klystron is isolated 
from target reflections which return in the 
same plane of polarization as the energy being 
transmitted. The reflected energy, if allowed 
to enter the output arm of the waveguide, would 
cause the magnetron/klystron to be pulled off 
frequency. Three isolators, therefore, are 
used in the output arm of the waveguide to 
provide the necessary isolation. The isolator 
is a ferrite device which is also capable of 
rotating the plane of polarization of microwave 
energy passing through it. The ferrite in the 
isolator is nonreciprocal; i. e., the plane of 
polarization of energy passing back through the 
ferrite is rotated in the same direction as the 
energy being transmitted. 

The output waveguide of each isolator is 
rotated with respect to its input waveguide to 
allow complete transmission of the energy 
entering the isolator. Positioning of the input 
guide of each isolator in the series is auto¬ 
matically governed by the plane of polarization 
of the energy leaving the preceding isolator 
(or isomodulator in the case of the isolator in 
the series). Consequently, the vertically 
polarized energy which enters the isomodulator 
is rotated through the action of the isomodulator 
and the three isolators and is transmitted in 
the vertical plane of polarization. 

Energy reflected from the target is in the 
correct plane of polarization to enter the trans¬ 
mission line. However, as the energy passes 
through the isolator, the ferrite rotates it, 
thereby causing it to be at right angles to the 
isolator input guide. In this way, the unwanted 
energy rejected through the nonreciprocal action 
of the ferrite in each of the three isolators is 
dissipated in the side arm. A side arm load is 
located at the input guide in the correct plane to 
dissipate the unwanted energy. 

The magnetron/klystron cooling system is 
a closed system which dissipates excessive 
heat from the magnetron and associated ferrite 
parts. Figure 14-31 is a functional block 
diagram of the cooling system. It consists of 
an expansion chamber, pump, temperature 
control valve, and a heat exchanger. The sys¬ 
tem uses OS-45 as a liquid coolant. 

When system power is applied, the cooling 
system receives input power to the pump and 
to a thermoswitch in the expansion chamber. 
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The pump operates continuously, circulating 
the coolant. The temperature control valve is 
a three-way valve which controls the return of 
the coolant to the expansion chamber. If the 
coolant has been heated to a temperature of 60° 
F by magnetron/klystron, the thermoswitch 
closes, applying 28-v d. c. to the control valve 
This voltage energizes a solenoid within the 
valve which, in turn, opens the valve outlet to 
the heat exchanger. The heated coolant 
passes through the heat exchanger, where it is 
cooled, and returns to the expansion chamber. 
The heat exchanger is supplied with ram air 
which absorbs the dissipated heat of the coolant. 

When the coolant falls below 60° F the 
thermoswitch opens, causing the control valve 
solenoid to deenergize. The valve will then 
direct the coolant back to the expansion cham¬ 
ber, bypassing the heat exchanger. 

Switch 3S2 bypasses the thermoswitch, 
when closed, for testing and oil filling pur¬ 
poses. 

FLIGHT DATA COMPUTER.-The flight 
data computer, measures true airspeed by 
means of a barometric pressure assembly. 
The two assemblies deliver true airspeed and 
altitude data to the computer-modulator. 

In the newer systems, the flight data com¬ 
puter is not a component part of the system, 
although inputs of airspeed and altitude are still 
recieved from it and used in its computations. 

MAINTENANCE 

Generally, maintenance procedures are de¬ 
signed to be performed on the equipment in 
the aircraft to reduce aircraft downtime. How¬ 
ever, the procedures are also applicable for 
use on an operating test bench setup. Every 
effort is made to reduce the test equipment 
requirements and to simplify the test and 
alinement procedures without sacrificing 
accuracy. 

GENERAL PRECAUTIONS 

Certain general precautions should be ob¬ 
served when equipment is first energized after 
maintenance or service work has been per¬ 
formed. Even though specific warnings and 
cautions are included at appropriate places in 
directions, the general precautions listed here 
should be kept in mind. While the equipment 
is installed in the aircraft, it should be turned 
on periodically, as dictated by local operational 
and environmental conditions, as a precaution 


against moisture. After repair or replacement 
of any component or subassembly of the 
system, and prior to any electrical test, the 
following checks should be made on all com¬ 
ponents involved: 

1. See that the correct plug-in parts such 
as tubes, molded units, and relays, are in 
place. 

2. Make correct and complete mechanical 
and electrical engagement of all chassis con¬ 
nectors such as synchro plugs, tube caps, and 
servomotor plugs. 

3. Make sure of complete electrical and 
mechanical engagement of all subchassis. 

4. Check for proper and free mechanical 
action of movable assemblies and controls. 

5. After any servicing in which the indi¬ 
cator or modulator covers have been removed 
or the waveguide dissembled, repressurize and 
check for air leaks after replacement. 

SCHEDULED MAINTENANCE 

The requirements and demands placed on 
the aircraft maintenance organization for sup¬ 
port of the Navy’s modern weapon systems 
have increased substantially. Many separate 
but interrelated functions and tasks combine to 
make up the maintenance workload that is re¬ 
quired for support of our present day aircraft. 
The time allocated and avialable for the ac¬ 
complishment of this maintenance does not 
allow for all of these tasks to be considered, 
planned, and performed on an individual basis. 
It is necessary that they be combined and se¬ 
quenced in the proper order if the overall job 
is to be accomplished in the most efficient 
manner and within the allocated time. The best 
possible use of allocated time, manpower, 
materials, and funds is mandatory if the max¬ 
imum potential weapon system availability and 
utilization is to be realized. 

The maintenance requirements prescribed as 
periodic maintenance requirements are the min¬ 
imum necessary under any conditions to assure 
timely discovery and correction of latent 
defects. Compliance is mandatory. Also, the 
designated calendar intervals are the maximum 
authorized based on aircraft class and planned 
service-wide utilization. Due to varying op¬ 
erational requirements, climatic, or environ¬ 
mental conditions, cognizant commanders may 
increase the scope or frequency of material 
inspection or examination as required to prop¬ 
erly and safely support operations. 
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Periodic Maintenance 
Requirements Manual (PMRM) 

The PMRM contains the minimum sched¬ 
uled maintenance requirements directed toward 
the weapon system. The information in the 
PMRM is presented in a manner readily usable 
by maintenance personnel in planning workloads 
and researching requirements for the weapon 
system. The manual contains general instruc¬ 
tions, preventive tasks, component removal/ 
replacement schedules, accesory record card 
requirements, and the functional test flight re¬ 
quirements peculiar to the weapon system. 

Maintenance Requirements 
Cards (MRC’s) 

The maintenance requirements are pub¬ 
lished on 5- x 8-inch cards in order to provide 
the maintenance man a ready reference to per¬ 
form the scheduled maintenance on the weapon 
system. Each MRC contains one or more de¬ 
tailed maintenance requirement. Illustrations, 
clearances, tolerances, charts, and part num¬ 
bers are included when required. All minimum 
requirements for the accomplishment of any 
particular periodic maintenance task (preflight, 
post-flight, daily, calendar, special, or con¬ 
ditional inspection) or portion thereof, are 
contained in a set of these cards. The work 
plan, or order of performing the requirements, 
is prearranged in two manners. The preflight, 
postflight, and daily work is performed item 
by item in sequential order arranged on con¬ 
secutively numbered cards. The calendar in¬ 
spection work is controlled by the order of 
arrangement of the items on the MRC's, and 
in addition, employs a SCC (sequence control 
chart) for the scheduling of the MRC’s. The 
calendar MRC’s are scheduled on the SCC in 
numerical card number sequence for each re¬ 
quired rating. 

The man minutes and manhours indicated 
for the accomplishment of maintenance re¬ 
quirements are provided for use in work plan¬ 
ning and scheduling. These figures do not 
include time spent in resolving equipment or 
parts shortages, adverse working conditions, 
nonscheduled maintenance, incorporation of 
changes and modifications, or shortages in 
numbers or qualifications of personnel. Time 
required for preparation is not included. There 
1 fore, maintenance supervisors should consider 
all such factors as they may apply locally when 
predicting aircraft out-of-service time. 


Maintenance requirement cards are pro¬ 
vided in separate decks; e. g., preflight, post¬ 
flight, daily, and calendar. The MRC's con¬ 
tain all minimum requirements. Daily inspec¬ 
tions include 14 days, 28 days, etc.; postflight 
inspections include "conditional” items, i.e., 
100 arrested landings, hard landings, hot start, 
flameout, etc., and servicing requirements. 
The calendar MRC deck consists of a basic 
portion, called "calendar." These basic cal¬ 
endar requirements must be performed each 
calendar inspection. The odd and even calen¬ 
dar requirements are items that must be 
performed every other calendar inspection. 
These odd and even requirements have been 
divided to equalize the workload. For record 
purposes, these inspections are referred to as 
"odd" calendar and "even" calendar. 

No part of any scheduled maintenance is 
certified on the maintenance requirement cards. 
Therefore, the MRC’s will be used as many 
times as their condition permits. The certifi¬ 
cation by maintenance personnel is accomplished 
on the preflight/daily/in-flight/postflight main¬ 
tenance record, NavAir Form 4730/2. The 
calendar periodic maintenance is certified on a 
MAF. 

Locally established periodic maintenance 
requirements or requirements established by 
higher authority, not covered by the published 
MRC sets, can be added to existing cards, 
which will necessitate an adjustment to the in¬ 
dividual card time, plus a possible adjustment 
of the sequence control chart if the card is in 
the calendar deck, or by the use of blank MRC's 
provided for this purpose (NavAir Form 4730/3), 
When using this method, the new cards gener¬ 
ated at the local level can be numbered consec¬ 
utively following the list number of the published 
deck (with the designation "local" or assigned 
suffix letters A, B, C, etc. and added to the 
number of the related cards of the published 
set (also with the designation "local"). 

A master file copy of current maintenance 
requirement cards must be maintained with the 
Maintenance Department. This master file 
copy will reflect all revisions to the published 
card sets plus locally added requirements. 
The Quality Assurance Group i s normally 
charged with this responsibility. 

Calendar Sequence 
Control Charts 

In order to provide a guide for the prep¬ 
aration of the actual calendar maintenance 
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work schedule and a means of controlling the 
assignment of work and personnel, calendar 
sequence control charts have been developed 
and provided as an integral part of the periodic 
maintenance program. These charts indicate 
what MRC's are to be complied with, the num¬ 
ber and specialty of the personnel required, the 
times during which the separate jobs are sched¬ 
uled for accomplishment, and the "power off', 
"power on" condition required during the work. 
The sequence charts have been planned to 
efficiently integrate all required calendar main¬ 
tenance so as to effectively reduce the total 
out-of-service time required for the calendar 
inspection. The calendar sequence control 
charts provided may consist of one, two, or 
three sheets according to the requirements of 
the aircraft model. It should be noted that 
calendar SCC’s have no application to the pre¬ 
flight, postflight, daily, or progressive aircraft 
rework requirements. A transparent plastic 
cover should be placed over the chart when in 
use to facilitate marking progress by the super¬ 
visor. The chart and the plastic cover are 
therefore reusable. 

Special Inspection Requirements 

All special inspections currently set forth 
in the applicable HIR or PMRM remain in ef¬ 
fect at the specified interval. Such inspection 
may be performed concurrently with scheduled 
calendar inspections when the interval author¬ 
ized for the special inspection is not exceeded. 
When the interval will be exceeded during the 
calendar inspection interval, the special in¬ 
spection must be accomplished as part of the 
scheduled daily inspection falling nearest to the 
requirement. Once accomplished, a new in¬ 
terval for the special requirement commences. 

SYSTEM MAINTENANCE AND 
TROUBLESHOOTING PROCEDURES 

The Service Instruction Manual will contain 
procedures in the maintenance section which 
pertain to the maintenance and troubleshooting 
of the entire missile control system. The 
procedures will be given in step by step form 
for each of the systems within the equipment. 
Often the maintenance procedures will be pre¬ 
sented in tabular form, and the troubleshooting 
procedures will ordinarily be presented in this 
manner. 

Detailed system maintenance procedures 
are not discussed in this chapter. However, a 


brief discussion is presented for each system. 
When performing maintenance, the technician 
should always consult the Service Instruction 
Manual applicable to the equipment concerned 
for the proper step by step procedures, toler¬ 
ances, and adjustments. 

Power Supply Maintenance 

The power supply system of a missile control 
system may contain several individual regulated 
power supplies. Each one is essential to the 
proper operation of the system and must be 
checked. There willnormaUy be a power supply 
for the optical system and two in the ACD if 
used, and one or two in the radar equipment 
also one in the CW radar. The power supplies 
may contain a meter circuit which provides 
accurate indications of the output voltages. 

Whenever there is trouble in the system, all 
power supply output voltages should be checked 
and adjusted according to instructions. No at¬ 
tempt should be made to adjust power supply 
output voltages with an external meter unless 
the meter has an accuracy of at least 0.1 per- 
cent over the required range. In analyzing 
power supply troubles, the trouble analysis 
chart should be consulted. 

Transmitting System Maintenance 

The transmitting system contains the PRF 
generating circuits, the modulator and magne¬ 
tron, waveguide assembly, and the antenna. If 
antenna scanning is not desired at any time 
during maintenance, it can usually be stopped 
by actuating a switch. However, the feed horn 
and antenna rotation should not be stopped in 
any position where either will be pointing at a 
large close target while the system is trans¬ 
mitting. 

The test equipment for maintenance of the 
system is chosen on the basis of its reliability, 
accuracy, and availability. Alternate test 
equipment should not be substituted unless the 
suggested equipment is not available. 

The current and voltage reading given in the 
Maintenance Instructions Manual are absolute 
since test equipment may be substituted for the 
equipment specified. The tolerances of the 
test equipment and its effect on the circuit being 
tested must be considered before the circuit is 
either passed or rejected. 

NOTE: RF radiation may have harmful 
effects on the eyes and other parts of the body. 
Therefore, personnel should stand clear of the 
radiation. 
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The trouble analysis charts for both the AI 
and CW transmitting system cover the most 
probable causes of trouble in the systems. 
When a trouble has been isolated and repaired, 
the test and alinement procedures should be re¬ 
peated. If trouble analysis indicates that a 
major chassis is defective, it may be desirable 
to remove it completely. 

Receiving, Range Tracking, and 
Antenna System Maintenance 

Since the step by step maintenance proce¬ 
dures for each of these systems would be quite 
lengthy, they are not presented. However, for 
the most part, the discussion relative to the 
transmitting system maintenance also applies 
to these systems. In addition, when the tech¬ 
nician is performing maintenance on the sys¬ 
tems, the Maintenance Instructions Manual 
should always be referred to for the step by step 
procedures on each system. The procedures 
and trouble analysis charts and tables are sim¬ 
ilar to those of the transmitting system. 

Indicating System Maintenance 

The circuits of the indicating system may 
be divided into three parts-one for each of the 
guns of the CRT. Since these circuits are 
essentially independent, the test, alinement, 
and trouble analysis procedures are usually 
given separately. The procedures pertaining 
to the high voltage power supply will usually be 
covered in the A-gun procedures. If the high 
voltage supply appears to be defective during 
the check of the B- and C-gun circuits, then 
the high voltage portion of the A-gun check 
must be referred to again. 

If the intensity controls are turned all the 
way up and no indication appears on the indica¬ 
tor and the high voltage supply checks out prop¬ 
erly, the indicator either needs replacing or 
the voltages are not reaching the indicator. 

The indicator intensity and focus adjustment 
procedures that are set forth in the Service 
Instruction Manual afford a relatively quick 
and reliable method for adjusting the indicator 
display for optimum visibility of all portions of 
the presentation. The adjustments maybe 
made under any one of the following conditions: 

1. Radome closed and transmitter radiating. 

2. Radome open and transmitter radiating. 

3. Radome closed and transmitter not 
radiating. 


It may be necessary to remove access hole 
cover plates to reach the intensity and focus 
adjustments on the base of the indicator. 

The tolerances of the displays presented by 
each electron gun and the conditions required 
to produce them are stipulated in the Service 
Instruction Manual. If each display falls within 
the specified tolerances, that portion of the in¬ 
dicating system is performing satisfactorily. 

SUPPLEMENTARY MAINTENANCE 

Complete maintenance of the entire missile 
control system requires maintenance proce¬ 
dures in addition to those discussed in the pre¬ 
vious section. In the event that indications 
reveal erroneous operation of the ACS, optical 
system, or other associated components, or 
units, the applicable Service Instruction Manual 
may be consulted for the required procedures. 
The associated components as well as the main 
components of the system also have routine 
maintenance schedules and procedures that 
must be conducted. An electromechanical 
computer similar to the ACD, and a portion of 
a similar optical system is discussed in Avia¬ 
tion Fire Control Technician 3 & 2. 

Some of the other procedures required for 
the complete maintenance of a missile control 
system are: boresighting, inspection, cleaning 
and lubrication, and pressurization checks. 

Boresighting 

The following discussions include three 
bore sighting procedures and four groups of 
boresighting conditions. The primary bore¬ 
sighting reference to which the entire aircraft 
is alined is the zero-zero radar axis. That is 
the line in space along which the radar antenna 
will point when tracking a target with zero 
azimuth and zero elevation gimbal angles. The 
antenna is fitted with a bore sight fixture to ac¬ 
cept a telescopic sight for optical boresighting. 
The fixture can be used as a secondary refer¬ 
ence after it is alined with the radar axis. 

Satisfactory boresighting can be accom¬ 
plished without radiating, provided the optical 
axis is in agreement with the RF axis of the 
radar antenna. This alinement will remain 
valid so long as no portion of the antenna 
structure is mechanically damaged. If there 
is reason to believe that the antenna has been 
mishandled, or if the feed horn or reflector 
appears to be deformed, a complete boresight 
should be conducted. 
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The first method of boresight is called full 
bore sight and provides for a complete RF and 
optical boresight, as a result of which the state 
of alinement of the radar axis and optical axis 
is determined. The Service Instruction Manual 
should be consulted for the step by step proce¬ 
dure. 

The second method is called radar silence 
boresight. It is the same as the first except 
that the telescope fixture is used as the only 
reference. This procedure can be used when¬ 
ever it is impossible to radiate, or sufficient 
time does not exist for the full procedure. 

The third method, called fast boresight, is 
only for use with the director portion of the 
aircraft armament. This method can be used 
only when the aircraft has been bore sighted 
previously, using the full procedure with a 
given antenna. This method can then be used 
to establish the electrical boresight of the di¬ 
rector. 

Inspection 

A visual inspection of a missile control 
system should be held during the regular air¬ 
craft maintenance period. If the system has 
been operating satisfactorily and meets the 
requirement of the 10-hour minimum perform¬ 
ance checks, the inspection should be carried 
out to the extent possible without removing any 
components from the aircraft or otherwise 
disturbing them. A more thorough inspection 
can be performed when the system is removed 
to the bench desiring the calendar maintenance 
schedule. All input power to the system should 
be removed. When the inspection indicates the 
necessity, the equipment should be cleaned in 
accordance with instructions. Parts found to 
be defective should be repaired if economically 
feasible or if replacement is not obtainable; 
otherwise the parts should be replaced. 

Some of the defects to look for are as fol¬ 
lows: 

1. Corrosion, fungus growth, salt, or other 
mineral deposits. 

2. Evidence of overheating, such as char¬ 
ring or melting 

3. Excessive moisture accumulation. 

4. Broken, bent, loose, or missing parts. 

5. Improper seating of plug-in components, 
such as connectors and plug-in units. 

6. Binding or looseness of controls on the 
cockpit control panel. 

7. Abrasion of wires and cables, giving 
particular attention to interconnecting cables. 


8. Soiling of optical sight lenses and glass 
surfaces. 

9. Antenna reflector and feed horn damage. 

Inspection procedures for parts requiring 

special considerations are always given in the 
Service Instruction Manual. 

Cleaning and Lubrication 

Ordinarily, the equipment should require 
only dusting with a clean, dry, lint-free cloth 
and a dry, low pressure compressed air stream. 
A minimum of solvents or other cleaning agents 
should be used when cleaning. Lubrication and 
lubricants to be used should be in accordance 
with instruction in the Service Instruction 
Manual. 

Pressurization 

The waveguide assembly, modulator, and 
radar indicator are pressurized to avoid arcing 
and moisture accumulation problems. These 
components should be checked regularly for 
air leaks. (The following discussion is rela¬ 
tive to a typical system and may differ in some 
respects from other pressurization systems.) 

The waveguide assembly and the modulator 
are pressurized by bleed air from the last 
stage of the aircraft engine compressor when¬ 
ever the engine is running. The bleed air is 
reduced in pressure by a reducer prior to being 
fed into the equipment compartment of the air¬ 
craft. Air from the reducer is passed through 
a rigid air line which is terminated in a quick 
disconnect fitting that mates with a fitting in the 
rear of the radar frame. This fitting connects 
to a dehydrator by way of a rigid air line. The 
dehydrated air is then fed through a flexible 
hose to a fitting on the waveguide assembly. 
Air is then carried to the modulator through a 
line from the other end of the waveguide as¬ 
sembly. 

After engine shutdown, pressure in the 
waveguide assembly and modulator should 
decrease at a specific rate. Air loss should 
be checked at every inspection at the fitting on 
the modulator, using an air pressure page. If 
the waveguide or the modulator cover has been 
opened, or if the aircraft has been standing 
for some time after engine is shutdown, it will 
be necessary to repressurize before a check 
can be made. When the loss is excessive, 
check for security of the modulator cover, 
flexible waveguide fittings, and air line fittings. 
If the checks of the seating of the rigid wave- 
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guide coupling flanges do not reveal the trouble, 
the leak may be in the compressor bleed air 
system. 

When checking pressurization, also observe 
the color and level of the desiccant crystals in 
the dehydrator. If the crystals have turned 
pink, new crystals should be substituted. If 
necessary, the old crystals may be reactivated 
by baking until they turn blue. New crystals 
should be added when the crystal level has 
fallen below the safe mark. 

The indicator is pressurized initially at a 
specific pressure and should maintain this 
pressure at all times with no appreciable loss. 
Repressurization is required if the rear cover 
of the indicator is removed for servicing. The 
indicator pressure should be checked in the 
course of each preflight inspection. If pressure 
loss is detected, check the security of cover 
plates and gaskets for air leakage. Dry air 
should be used for pressurizing the indicator. 

CW RADAR SET GROUP 

Organizational maintenance of the CW radar 
set group comprises mainly of general elec¬ 
tronic maintenance procedures utilizing the 
applicable Service Instruction Manual. 

The technician should have a thorough 
knowledge of the operation of the equipment 
with which he is concerned; however, he cannot 
always relay on his memory for specific pro¬ 
cedures, tests, alinements, test equipment 
readings, and tolerances. Therefore, the 
Service Instruction Manual should always be 
consulted when working on equipment. On 
occasion it may be necessary to consult several 
manuals; for example, the complete system 
manual, radar set manual, computer group 
manual, and possibly the manuals for the test 
equipments. In addition, it may be necessary 
to consult the Maintenance Instruction Manual 


for the aircraft in which the equipment is 
installed. 

Tests 

Specialized test equipment is normally used 
during checks on the CW radar set group. 
Newer systems have BIT (Built-in-Tests) 
checks which check the system for proper 
operation with readout in the form of either 
scope presentations or lights. When an error 
is indicated, further examination is made by 
utilizing the proper test equipment. A missile 
simulator test set is used to verify that the 
system will properly tune a missile. The test 
set monitors the missile system control func¬ 
tions generated in the aircraft and provides 
signals for checking the missiles klystron 
tuner. During these tests the aircraft wiring 
associated with the missile is also checked. 

The Modulation Test Set is used for check¬ 
ing the output of the CW transmitter. The 
output of the transmitter is fed into the test set 
by a coaxial cable and the test set indicates 
various signal characteristics with their values 
and tolerances by receiving and interpretating 
the microwave signals. The outputs are indi¬ 
cated on ammeters located on the front panel of 
the test set. 

The Computer-Radar Test Set is designed 
to check certain aspects of flight readiness of 
the CW and associated AI radar. The monitor¬ 
ing capabilities are as follows: 

1. Computer outputs which result from 
problems generated by the test set. 

2. AI radar and flight data unit outputs ap¬ 
plied to the computer. 

3. The proper function of miscellaneous 
circuits which contribute to the flight readiness 
status. 
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BOMB DIRECTOR SYSTEM 


A typical airborne radar-optical bomb¬ 
ing system capable of high altitude precision 
bombing from high-speed aircraft is discussed 
in this chapter. The system also includes 
operational features which make it useful 
during the entire flight by providing search 
and navigation information. It solves the bomb¬ 
ing problem in a manner that minimizes the 
operational procedures required of the pilot 
and bombardier during the bombing run. Its 
major characteristics are as follows: 


1. Both a periscope and a radar antenna are 
continuously positioned on the area of interest 
to permit the bombardier either optical or ra¬ 
dar operation at his discretion. 

2. The optical line of sight and the radar 
beam are stabilized against aircraft rotations 
to permit tracking in a stable reference frame. 

3. Precision tracking is performed auto¬ 
matically after the bombardier has correctly 
positioned the crosslines on the aim point. 

4. Offset bombing of a stationary target is 
possible when the target is hidden or obscure. 

5. Evasive maneuvers can be performed by 
the pilot during the bombing run. 

6. Provisions can be made for an autopilot 
tie-in which permits automatic control of the 
aircraft by the system during the bombing run. 

7. Bomb bay doors are opened, bombs are 
released, and bomb bay doors are closed auto¬ 
matically. 

8. A ground position indicator automatically 
furnished navigation data in the form of latitude 
and longitude of the aircraft’s present ground 
position. 

The general bombing problem that must be 
solved in order to hit a target basically in¬ 
volves the determination of (1) the position of 
the target with respect to the aircraft at every 
instant, and (2) where the bomb would hit if re¬ 
leased at any given instant. The major com¬ 
ponents of a typical bomb director system used 
for the solution of the bombing problems are 
illustrated in figure 15-1. 


OPTICAL SYSTEM 

Because optical and radar tracking phases 
need to be clearly differentiated, each is dis¬ 
cussed separately in this chapter. This com¬ 
plete treatment of optical tracking also covers 
transmission of radar presentation from the 
cathode-ray tube in the indicator to the peri¬ 
scope eyepiece. 

The primary function of the optical system 
is to enable the operator to track an aim point 
by optics or radar. The operator selects ei¬ 
ther the optical or the radar presentation for 
observation and photographs the selected dis¬ 
play if desired. As will be shown later, the 
radar image is transferred from the indicator 
to the periscope. 

(Note: It should be recalled from Chapter 
17 of Aviation Fire Control Technician 3 and 2, 
NavPers 10387, that range and bearing data 
are fed to the bombing computer from either 
the optical or radar system.) 

The optical system is illustrated by block 
diagram in figure 15-2. It consists of (1) the 
optical elements which transmit either optical 
or radar presentation to the operator and track¬ 
ing recorder, (2) the tracking recorder which 
photographs the presentation being observed, 
and (3) the electromechanical drive system 
which positions the optical presentation. 


OPTICAL ELEMENTS 

The optical elements contain two optical sys- 
tems-one presents an optical image of the aim 
point at the eyepiece, and the other presents 
an image of the radar screen at the eyepiece. 
A mirror in front of the eyepiece can be posi¬ 
tioned to divert either image to the recording 
camera. The function of the elements used in 
the optical presentation is to form a clearly de¬ 
fined image of the aim point, relay it through 
the instrument, magnify it, and present it in 
an erect position. Light from the target may 
be received from any direction within the 
limits of the equipment. 
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The optical presentation uses the nine major 
assemblies shown in figure 15-3. These as¬ 
semblies are the corrector lens, the sighting 
prism, the objective lens and reticle, first and 
second erector lens, derotation prism, the 
deviation prism and fourth erector lens, and 
the eyepiece. In figure 15-3, the distances 
between elements have been greatly reduced. 

The radar presentation uses three assem¬ 


blies-the radar objective lens, two color fil¬ 
ters, and the eyepiece. These three assem¬ 
blies are in the upper section. The same eye¬ 
piece is used by both systems. 

The optical assemblies are discussed in the 
following paragraphs. Reference should be 
made frequently to figure 15-3 to insure an 
understanding of the relationship of each as¬ 
sembly to the others. 


STATIC PRESSURE 


PILOT PRESSURE 



STAGNATION TEMPER AT URP 


r j 
c 


RANGE TRACKING CORRECTIONS 


HAND INPUTS: 

SPACING BALLISTIC SETTING 

OFFSET ANGLE AIM POINT OFFSET 

r -< TARGET ALTITUDE AIM POINT ALTITUDE 

; NUMBER OF BOMBS MAGNETIC VARIATION 

, [ INITIAL LATITUDE ft LONGITUDE 

1 ( 8 ) _ 

POSITION DEVIATION INDICATION 


AQ. 290 


Figure 15-1. -Components of a bomb director system. 


1. Indicator, azimuth-range. 

2. Receiver-transmitter. 

3. Antenna. 

4. Auxiliary indicator. 

5. Synchronizer, electrical. 

6. Modulator. 

7. Periscope. 


8. Bombing data computer. 

9. Position deviation indicator. 

10. Gyroscope assembly. 

11. Magnetic compass. 

12. Tracking control. 

13. Temperature element. 
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Figure 15-2.-Optical system simplified 
block diagram. 


Corrector Lens 

Light from the aim point enters the periscope 
through the glass globe that encompasses the 
sighting head. Since the first sighting prism 
to receive the light is not at the center of the 
globe but offset in a direction perpendicular to 
the optical axis, a corrector lens is required 
to compensate for the deviation of the light in¬ 
troduced by the globe. The corrector lens is 
mounted on the holder of the first prism and 
moves with it. 

Sighting Prism 

The sighting prisms consist of two totally 
reflecting right-angle prisms. When the 
prisms are in the position shown in figure 
15-3, each diverts the line of sight through 90°, 
thus maintaining the line of sight parallel to the 
optical axis of the periscope. The position 
shown represents zero inputs of level and 
cross level at 90° elevation. (Level and cross 
level are defined later in this chapter.) 

Objective Lens and Reticle 

The objective lens receives parallel light 
rays from a distant target, in effect, at infin¬ 
ity, since the sighting prisms do not focus but 
simply displace the path of light rays. The 


light rays are thus focused for the first 
time by the objective lens at the point designa¬ 
ted as the first focal plane. 

The reticle is etched on one side of a glass- 
to-glass surface in the reticle lens assembly. 
This surface coincides with the first focal 
plane so that a sharp image of the reticle cross¬ 
hairs is superimposed on the target image. 

First and Second Erector Lenses 

The first focal plane of the periscope is 
also the front focal plane of the first erector 
lens. Light rays entering the first erector 


/ 
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Figure 15-3. - Periscope optical system, 
block diagram. 
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lens from the first focal plane therefore 
emerge as parallel light rays. These are 
transmitted to the second erector lens assem¬ 
bly located in the middle section of the peri¬ 
scope. 

Power-Changer Lenses 

The second erector lens and front elements 
of the power-changer lens form a second im¬ 
age of the target in the middle of the power- 
changer lens. This is the second focal plane. 
Either of the two power-changer lens assem¬ 
blies may be used in the system as desired by 
the operator. The low-power lens, shown 
positioned in the optical line of sight in figure 
15-3, provides a lx magnification. The high- 
power lens provides a 4x magnification. Since 
the total magnification of the system is 1. 5x, 
the operator has a choice of either 1.5x or 6x 
power. 

Third Erector Lens 

The third erector lens and rear elements 
of the power-changer lens comprise a system 
in which the front focal plane coincides with 
the second focal plane of the periscope. 
Therefore, parallel light rays emerge from 
the third erector lens and are transmitted to 
the derotation prism. 

Derotation Prism 

The derotation prism has two functions. 
The first function is to compensate for tum¬ 
bling of the image which occurs when the 
first sighting prism rotates in relation to the 
second prism in level and elevation, or when 
the sighting head rotates in azimuth. The 
prism has the optical characteristic of invert¬ 
ing an image in only one plane without de¬ 
viation or dispersion if placed in parallel light. 
If the object being viewed through the prism is 
rotated and the prism is rotated in the same 
direction but at half the speed, this optical 
characteristic will produce an image which re¬ 
mains fixed or derotated. The result is the 
elimination of image rotation with references 
to the eyepiece and the operator. 

The second function of the de rotation prism 
is to invert the image in one plane. It is so 
related to the deviation prism, the next optical 
element in the system, that it inverts the im¬ 
age in one plane while the deviation prism in¬ 
verts in the other plane, thus producing 


complete inversion. This inversion, when com¬ 
bined with the inversion caused by the objec¬ 
tive lens and the double inversion of the two 
erecting lens system, produces an erect image 
at the eyepiece. 

Deviation Prism and 
Fourth Erector Lens 

The parallel light rays enter the deviation 
prism from the derotation prism where they 
are refracted, reflected three times by the 
prism faces, and refracted again. The light 
rays emerge inclined 40° from the original 
optical axis (fig. 15-3). The fourth erector 
lens then focuses the image of the target in the 
third focal plane in front of the eyepiece. 

RADAR PRESENTATION 

If the operator wishes to view or record the 
image displayed on the azimuth range indicator 
(main indicator), he may do so by positioning 
the radar objective lens in the upper section of 
the periscope. 

Radar Objective Lens 

When the radar objective lens assembly is 
pivoted into position for radar presentation, it 
forms an image of the radar screen in the third 
focal plane. The image is received through a 
window in the upper housing of the periscope, 
as shown in figure 15-3. 

The radar objective lens, the fourth erector 
lens, and the deviation prism are so mounted on 
the same carrier that for radar presentation 
the deviation prism and the fourth erector lens 
are out of the optical axis; for optical presen¬ 
tation, the radar objective lens is out of the 
optical axis. The recorder mirror is out of 
the field of view except when the recorder is 
actuated. 

Color Filters 

Two radar filters, one yellow and one blue, 
are mounted on the radar transfer mechanism 
so that either one may be swung into the optical 
axis in front of the eyepiece when viewing 
radar. As discussed previously, each filter 
is actuated by a rotary solenoid. When the 
mechanism is positioned for radar operation, 
the filter control switches are actuated, op¬ 
erating the solenoids to position the filters. 
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The selection of filters is automatically con¬ 
trolled by the computer, depending upon the 
computed range to the target. 

Eyepiece 

The optical or radar image presented in the 
third focal plane is viewed by means of the eye¬ 
piece. The position of the front focal plane of 
the eyepiece is adjusted by the individual oper¬ 
ator so that the virtual image formed by the 
eyepiece is distinct. For the normal eye this 
position is coincident with the third focal plane, 
as shown in figure 15-3. At this position the 
light rays emerging from the eyepiece are in 
parallel rays, and the eyepiece or the focal 
plane of the tracking recorder is said to be 
focused for infinity. The eyepoint, or the point 
on the optical axis where the iris of the eye is 
placed to receive the full field of view, is the 
point at which the chief rays of the parallel 
light emerging from the eyepiece are concen¬ 
trated. 

TRACKING RECORDER 


The tracking recorder is mounted on the 
upper section of the periscope just below the 
eyepiece. (See fig. 15-1.) Its function is to 
provide a photographic record of the optical or 
radar display of the target image. The record¬ 
er-mirror mechanism diverts the target im¬ 
age from the eyepiece to the recorder through 
a window in the periscope. 

The recorder and control box are illustrated 
in figure 15-4. The hinged front cover 
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Figure 15-4. -Tracking recorder and 
tracking recorder control. 


provides access to the film magazines. Ac¬ 
cess to the tv/o lamps, which illuminate a 


watch face and film-frame counter, is pro¬ 
vided by the bottom cover. The top cover con¬ 
tains the glass window, which is the camera 
aperture, and the fittings for attaching the re¬ 
corder to the periscope. The rear cover pro¬ 
tects the film drive mechanism. The aperture 
of the tracking recorder is closed by one of two 
metallic shutter curtains when the recorder is 
is not in operation. The shutters are con¬ 
trolled by two linear electric motors which are 
controlled timewise by the tracking recorder 
control setting for exposure time. 

The film advance motor and the gear train 
are located near the rear of the case. The mo¬ 
tor is geared to the drive sprocket and to the 
magazine spindle. It also drives the film 
counter. 

The recorder is designed to use 70 milli¬ 
meter film on 100-foot standard reels. The 
reels are contained in lighttight magazines 
which, in turn, fit into wells. A square spin¬ 
dle extends from the bottom of the magazine 
fitting into a socket in the bottom of the well. 
The film is threaded across two sprockets on 
either side of the aperture and below a press¬ 
ure pad which keeps the film in the focal plane. 
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Figure 15-5.-Tracking recorder, front 
cover open. 

Figure 15-5 shows the tracking recorder 
with the front cover open and the film maga¬ 
zine removed. A watch and a film-frame coun¬ 
ter are shown at the bottom of the case. The 
illumination lamps are mounted in the rear of 
the case. The watch is on a hinged arm so that 
it can be pivoted out for winding and setting. 
Images of the watch face and film counter are 
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projected to the film plane through the back of 
the film by a prism and lens assembly. 

ELECTROMECHANICAL DRIVE SYSTEM 

The electromechanical drive system, lo¬ 
cated in the lower section of the periscope, 
consists of a stabilizing mechanism and driv¬ 
ing mechanism which cause the periscope to 
track the aim point. The electromechanical 
drive system consists mainly of four servo 
loops, an electrical resolver, and the drive 
motor and circuit required to position the de¬ 
viation prism. 

The four servo loops use amplified electri¬ 
cal error signals from associated equipment 
to position elements within the periscope which 
stabilize the line of sight. (The relationship 
of the periscope to other components of the 
bomb director and associated equipment was 
illustrated in figure 15-1.) 

However, before going into the operation of 
the electromechanical drive system, the angles 
associated with the system should be defined. 
They are as follows: 

1. Azimuth-the angle between the vertical 
plane through the fore-and-aft axis of the air¬ 
craft and the vertical plane through the line of 
sight measured in the horizontal plane. 

2. Pseudoazimuth - the angle between the 
vertical plane through the fore-and-aft axis of 
the aircraft and the vertical plane through the 
line of sight measured in the deck plane of the 
aircraft. 

3. Pitch-the angle between the horizontal 
plane and the deck plane of the aircraft meas¬ 
ured in the vertical plane through the fore-and- 
aft axis. 

4. Roll-the angle between the horizontal 
plane and the deck plane of the aircraft meas¬ 
ured in the plane perpendicular to the fore- 
and-aft axis of the aircraft. 

5. Level-the angle between the horizontal 
plane and the deck plane of the aircraft meas¬ 
ured in the vertical plane through the line of 
sight. 

6. Cross level-the angle between the hori¬ 
zontal plane and the deck plane of the aircraft 
measured in the plane perpendicular to the 
deck plane of the aircraft and perpendicular to 
the vertical plane through the line of sight. 

7. Elevation-the angle between the line of 
sight and the vertical. 

Referring to figure 15-6, it should be noted 
that the output from the pitch synchro control 
transformer is combined with the output from 


the roll synchro control transformer in the re¬ 
solver. The purpose of the resolver is to de¬ 
rive values of level and cross level from in¬ 
puts of pitch, roll, and azimuth. The resolver 
circuit is illustrated in figure 15-7. 

It is necessary to resolve the values of roll 
and pitch into values of level and cross level 
due to the input values of pseudoazimuth. When 
the azimuth angle is zero, pitch will equal level 
and roll will equal cross level, since the line 
of sight and the fore-and-aft axis of the air¬ 
craft are in parallel vertical planes. However, 
for azimuth angles other than zero, the values 
of the roll angle and the pitch angle vary about 
the optical axis so that the angular values of 
pitch and level and roll and cross level vary as 
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Figure 15-6. -Servo circuits block diagram. 
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Figure 15-7.-Resolver circuit. 
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a function of the azimuth angle. In other words, 
with an azimuth angle of 90°, pitch would 
become roll, and roll would become pitch. 

Referring to figure 15-7, note that values of 
pitch and roll are coupled to the input wind¬ 
ings which are physically positioned to form 
angles 90°. Since the rotor is physically 
positioned by pseudoazimuth, the re solver 
transfers the input voltages from one set of 
coordinates, and the angular distance separat¬ 
ing these sets of coordinates is azimuth. The 
electrical relationship of the voltages in the 
resolver is thus directly analogous to the phy¬ 
sical relationship of the gimbals and rings in 
the coordinate transformer. 

Voltages representing level and cross level 
position errors are simultaneously developed 
across their respective windings in the resol¬ 


ver. The level servomotor, energized by the 
level amplifier, positions the first sighting 
prism and the level gimbal of the coordinate 
transformer. The cross level servomotor, 
energized by the cross level amplifier, posi¬ 
tions the sighting-head carriage, the second 
sighting prism, and the cross level ring of the 
coordinate transformer. (See fig. 15-8.) 

The pseudoazimuth motor is geared to the 
azimuth structure and rotates until the struc¬ 
ture has turned through the angle received by 
the azimuth synchro. (See fig. 15-9.) The 
azimuth synchro is mounted on the pitch gimbal 
which does not rotate with the azimuth struc¬ 
ture. The synchro rotor is geared to the level 
ring which is mounted on, and rotates with, 
the azimuth structure. Therefore, rotation of 
the azimuth structure repositions the synchro 
rotor and nulls the azimuth error signal. 
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Figure 15-8.-Coordinate transformer. 
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For each combination of the inputs of azi¬ 
muth, roll, and pitch, there is one set of level 
and cross level values. The corrdinate trans¬ 
former (fig. 15-8) is constructed to reproduce 
these angular relationships mechanically, and 
to make possible the physical resetting of the 
pitch and roll synchro control transformer's 
rotors and the nulling of error voltages. The 
pitch synchro control transformer is mounted 
on the pitch gimbal, and its rotor is geared to 
the roll gimbal. Since the angle between these 
two gimbals represents the pitch angle, the 
synchro rotor is repositioned by a motion rep¬ 
resenting pitch, and the error signal is nulled. 
The roll synchro control transformer is moun¬ 
ted on the periscope frame, and its rotor is 
geared to the roll gimbal. Since the angle be¬ 
tween the frame and the roll gimbal represents 


the roll angle, the synchro rotor is reposition¬ 
ed by a motion representing roll and the error 
signal is nulled. 

The fourth servo loop is used to compute 
elevation angle <P which is part of the slant 
range and elevation angle system. (The system 
was discussed in chapter 17 of Aviation Fire 
Control Technician 3 & 2. The elevation servo 
loop (fig. 15-10) consists of a potentiometer 
bridge circuit, and electronic amplifier, and 
a servomotor. A d-c voltage supply, controlled 
by variable resistor R1 is applied to the bridge 
circuit. One leg of the bridge circuit is located 
in the bombing data computer (PR1 andPR2), 
and the other leg is located in the periscope. If 
the combined resistance of PRl and PR2 is 
equal to the combined resistance of R3 and R4, 
the voltage drops across the legs of the bridge 
are equal and no voltage is impressed upon 
the elevation amplifier. 

The movable contacts of PRl and PR2 are 
physically positioned by a motion proportional 
to elevation inputs from the bombing data com¬ 
puter. Motion of these contacts unbalances the 
bridge and causes a voltage to appear across 
the amplifier input circuit. This voltage is am¬ 
plified and energizes the servomotor. Rotation 
of the servomotor positions one side gear of a 
differential, where elevation is combined with 
level to position the sighting head, and reposi¬ 
tions the movable contacts of potentiometers 
R3 and R4 until the bridge is balanced and the 
voltage becomes zero. 

The stabilization limit switch is located in 
the lower section of the periscope. The switch 
closes when a stabilizing input from the gyro 
tilts the level ring of the coordinate transform¬ 
er out of its designed limits. When actuated, 
the switch places three resistors in series 
with the fixed fields of the level and cross 
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level servomotors. The purpose of these re¬ 
sistors is to reduce servomotor power so that 
the mechanism will not be damaged by driving 
against the mechanical limits of gimbal motion. 
The power reduction remains in effect as long 
as the stabilizing input from the gyros is in 
excess of the gimbal limits. 

Radar Transfer Mechanism 
Control Circuits 

The radar transfer mechanism is driven by 
a motor which is controlled by the function 
switch on the combing data computer and by 
limit switches located in the upper section of the 
periscope. The two limit switches are actu¬ 
ated by the radar transfer mechanism which 
provides either radar or optical presentation 
to the operator. 

The radar transfer mechanism also actu¬ 
ate s the SHUTTER TIMING contro 1 switch 
and the filter control switches. The 
SHUTTER TIMING control switch is a two- 
position switch which determines whether the 
optical or radar shutter timing control circuit 
in the tracking recorder control is used. 

The periscope contains two optical filters, 
one blue and one yellow. Each filter is con¬ 
trolled by a rotary solenoid. The solenoid 
supply circuit operation determines which of 
is in the optical axis. When the system is on 
optical mode of operation, both filters are 
swung out of the optical axis. When the radar 
transfer mechanism is driven to the radar 
position and the radar is in the SEARCH or 
EXPANDED position on the long range opera¬ 
tion, the yellow filter is in the field of view. 
When the radar is in the EXPANDED position 
on short range operation, the blue filter is in 
the optical axis and the field of view. 

Recorder-Mirror Circuit 

The recorder-mirror mechanism, located 
in the upper section of the periscope, is pow¬ 
ered by two rotary solenoids. Solenoid action 
is initiated by either a momentary contact 
switch on the bomb director control or from a 
signal originating in the bombing data com¬ 
puter at release time. During this period of 
time the recorder mirror directs the image 
light into the tracking recorder for recording 
purposes, and the aim point image is not 
available to the operator. The solenoids are 
deenergized after both shutters of the tracking 


recorder have been actuated and the film ad¬ 
vance motor is energized by a switch located 
in the tracking recorder. 

PERISCOPE MAINTENANCE 

The periscope is designed and constructed 
to require a minimum of maintenance. It 
should, however, be checked and serviced 
periodically to insure satisfactory operation. 
Those parts of the equipment which are ac¬ 
cessible without disassembly should be in¬ 
spected immediately before and after instal¬ 
lation and regularly thereafter regardless of 
apparent good condition, lack of use, or recent 
servicing. These items include the following 
components: 

1. All cabling and electrical connectors be¬ 
tween the periscope, accessory equipment, 
electronic control amplifier, and junction box. 

2. Tubing between the periscope and air 
dryer. 

3. Reticle lamps. 

4. Humidity indicator for leaking air seals 
or malfunctioning of the dryer, heating ele¬ 
ment, or thermostatic switch. 

Reticle Lamp Servicing 

Eight lamps connected in parallel provide 
reticle illumination. These lamps must be 
viewed through the reticle lamp access port 
to determine if all are lighted. Two access 
ports are provided in the lower section of the 
periscope just above the sighting head. At 
least one of these two ports should be ac¬ 
cessible for servicing. Remove the access 
plug. With the reticle lamp circuit ener¬ 
gized, a defective lamp will be readily appar¬ 
ent, since the ends of the reticle lamp sockets 
are constructed of translucent plastic. 

All eight lamps can be checked by rotating 
the azimuth structure from within the aircraft 
and viewing each of the eight sockets in turn 
through the access port. To remove the ac¬ 
cess port and replace defective reticle lamps, 
follow the procedures as outlined in the equip¬ 
ment’s Service Instruction Manual. 

Air Seal Replacement 

The periscope is enclosed in an airtight 
housing to keep optical and mechanical parts 
free of moisture. O-ring seals or gaskets are 
required at various locations to maintain the 
air-tight condition. The majority of the seals 
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are located in regions which are accessible 
without disassembling the individual sections 
for replacement. The few remaining locations 
are inaccessible, and faulty seals in these 
areas should be replaced only by an authorized 
repair facility. The presence of moisture in¬ 
side the periscope which cannot be accounted 
for by malfunctioning of the heater or thermo¬ 
static switch is probably the result of defec¬ 
tive air seals. All data required for the upper, 
middle, and lower section removal, adjust¬ 
ment, and replacement procedures as well as 
data required for locating and replacing air 
seals, are presented in the equipment's 
Service Instruction Manual and should be clo¬ 
sely followed when disassembling or assembling 
the periscope. 

TROUBLE ANALYSIS 

This section contains information on trouble 
analysis that falls within the area of field main¬ 
tenance procedure for the periscope. With the 
exception of those defects for which servicing 
procedures are described, defects that develop 
within the periscope will normally require re¬ 
placement of the instrument, a section of the 
instrument, or accessroy equipment. 

Trouble within the periscope will normally 
be indicated by the following symptoms: 

1. The appearance of moisture on the op¬ 
tical parts or a pink color in the humidity in¬ 
dicator. 

2. Lack of image clarity. 

3. Motion of the image under normal track¬ 
ing conditions. 

4. Undue vibration of the instrument. 
Moisture 

Check the humidity level of the air inside 
the periscope regularly by comparing the color 
of the humidity indicator crystals with the 
humidity color shade which represents 40 per¬ 
cent humidity. If servicing is indicated, pro¬ 
ceed as follows: 

1. Check the heater for proper operation. 
If it is not operating, replace both the heating 
element and the thermostatic switch located 
in the sighting globe. 

2. If the heater is operating properly, 
check the instrument dryer loop for proper 
operation. 

3. If the humidity level still exceeds the 
specified maximum after performing the above, 
inspect the air seals and replace where neces¬ 


sary. If excessive humidity still exists, 
replace the instrument. 

Lack of Image Clarity 

If the image is not clear or if spots or lines 
are superimposed over the image, clean the 
sighting-head globe and the eyepiece with op¬ 
tical tissue. If the radar image is not clear or 
is spotted, clean the radar window and screen 
with optical tissue. If the trouble is not reme¬ 
died by the foregoing treatment, replace the 
instrument. 

Image Motion 

If the periscope fails to track properly, 
check the electronic control amplifier units, 
using the appropriate maintenance publications 
as a reference. If the trouble cannot be traced 
to the electronic circuits, replace the instru¬ 
ment. 

Vibration 

Undue vibration of the periscope or of the 
image may be due to loose mounting bolts 
which mount the instrument to the aircraft, or 
accessory equipment to the instrument. If 
vibration occurs, inspect all mounting bolts 
and tighten if necessary. 

Electrical Trouble Analysis 

The normal continuity checks, voltage 
checks, and signal tracing methods of elec¬ 
tronic equipment troubleshooting should be 
used in checking the cabling and electronic 
components of the instrument. These checks 
may be made by using the information given 
in the schematic wiring diagrams contained in 
the equipment's Service Instruction Manual. 

RADAR SYSTEM 

The primary purpose of the complete radar 
system is to permit radar tracking of an aim 
point during a bombing run. It also provides 
facilities for radar search, navigational beacon 
location, and for calibration the bombing data 
computer. When the radar is used for tracking 
purposes, the radar system forms a part of the 
tracking loop which also includes several sub¬ 
components of the bombing data computer. 

During radar tracking, the radar system 
measures the slant range and relative bearing 
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of the aim point and presents this information 
to the bombardier in the form of an indicator 
presentation. Computed values of range and 
relative bearing are received from the bombing 
data computer and are converted by the radar 
set into a RANGE LINE and a AZIMUTH LINE, 
respectively, for the presentation on the indi¬ 
cator. Any difference between the measured 
and computed values of range and relative 
bearing appears on the indicator as a displace¬ 
ment of the aim point from the intersection of 
the range and azimuth lines. 

Range and azimuth corrections are intro¬ 
duced to change the generated values of range 
and relative bearing until the generated values 
are equal to the measured values. This condi¬ 
tion exists when the aim point image is inter¬ 
sected by the range and azimuth lines. 

FUNCTIONAL ANALYSIS 

In chapters 5 through 10 of this course a cir¬ 
cuit analysis of the major components of a fire 
control radar was discussed. In this section, 
the operation of the radar components is group¬ 
ed by the function they perform. It is not the 
intent of this discussion to cover the complete 
theory of operation of the radar system, but to 
familiarize the AQ1 and AQC with a functional 
analysis of the equipment and to tie in the major 
components previously discussed. 

Transmitting Functions 

The components and their sections of the ra¬ 
dar system used during transmitting time are 
illustrated in block form in figures 15-11 and 
15-12. These diagrams should be referred to 
as the various transmitting functions are dis¬ 
cussed. 

The master trigger circuits generate a mas¬ 
ter trigger pulse for timing the entire system. 
The master trigger pulse (fig. 15-11) is fed to 
the modulator delay circuits. The modulator 
delay circuits generate the modulator trigger, 
which is delayed with respect to the master 
trigger by an amount necessary to provide the 
zero-set calibration. The modulator trigger is 
amplified and shaped by the trigger amplifier 
circuit (blocking oscillator and cathode follow¬ 
er) and fed to the thyratron switch. 

The pulse-forming network (PFN) produces 
the modulating pulse and the high-voltage power 
supply is used to charge the PFN during trans¬ 
mitter rest time. When the thyratron switch 
tube receives the modulator trigger, it causes 


the network to be discharged. The variable 
autotransformer provides a means of varying 
the primary a-c voltage to the power supply, 
and thus permits control over the d-c output 
voltage and the amplitude of the modulating 
pulse. The magentron receives its input power 
from the modulating pulse; therefore, since the 
variable autotransformer controls the ampli¬ 
tude of the modulating pulse, it also controls 
the RF power output of the magentron. The 
magnetron tuning mechanism provides a means 
of tuning the magnetron to any frequency within 
its designed limits. (Refer to fig. 15-12.) 
When beacon operation is selected, the mech¬ 
anism automatically tunes the magnetron to the 
beacon frequency. When radar interference 
such as jamming is encountered at any partic¬ 
ular frequency during search operations, the 
tunable feature makes possible a change to some 
other frequency at which the interference is not 
present. The RF output pulse is fed through 
the load and the AFC sampler to the wave¬ 
guide switch. 

The load isolator prevents any of the trans¬ 
mitted energy which may be reflected from mis¬ 
matched RF couplings from passing to the mag¬ 
netron. If the reflected energy were allowed 
to pass to the magnetron, the frequency would 
be likely to change, resulting in a probable 
loss of power output. 

The AFC sampler supplies a small sample 
of the transmitted pulse for the AFC section of 
the receiving channel. 

The waveguide switch directs the RF pulse 
along either of two paths. One path leads 
through the duplexer and one of the direc¬ 
tional couplers to the antenna fee 'horn, and 
the other path leads through the second direc¬ 
tional coupler to the dummy load. The pulse 
is directed along the first path when the RF 
energy is to be radiated, and along the second 
path when it is desirable to prevent radiation 
but still keep the magnetron operating. 

When the magnetron pulse is switched to the 
antenna, the duplexer prevents the high-power 
pulse from passing to the receiver mixer. The 
directional coupler, which is in the path be¬ 
tween the duplexer and the antenna, provides 
a means of either extracting a sample of the 
transmitter pulse for testing, or inserting a 
signal for testing the receiving channel. Dur¬ 
ing operation this directional coupler is con¬ 
nected to the tuned cavity, which is discussed 
later in the analysis. Most of the magnetron 
energy passes through the directional coupler 
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to the feedhorn and reflector and is radiated 
into space. 

When the magnetron's output pulse is direc¬ 
ted to the dummy load, it is fed through a di¬ 
rectional coupler which extracts a sample from 
the pulse. The major portion of the output 
pulse is absorbed by the dummy load, which 
converts the RF energy into heat and radiates 
the heat into the surrounding air. The RF 


sample from the direction coupler is fed to 
both the tuned cavity and to the RF test signal 
circuits. 

The tuned cavity is an echo box which is re¬ 
sonant at two selected frequencies. It should 
be noted that the tuned cavity may be energized 
by either directional coupler. When the mag¬ 
netron is tuned to either of these two frequen¬ 
cies, the energy will cause the cavity to ring. 
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Figure 15-12.-Transmitting function RF and tuning section, block diagram. 


The ringing signal, which is present for a time 
after each transmitter pulse, is fed through 
the directional coupler in the path to the anten¬ 
na and through the duplexer to the receiving 
circuits. After being amplified by the receiver 
and fed to the indicator, the indicator displays 
these ringing signals, thus providing a means 
of quickly checking the transmitting and re¬ 
ceiving channels. This check is especially 
useful when the dummy load is used or when 
no target returns are available. 


The master trigger circuits and the modu¬ 
lator delay circuits are located in the electri¬ 
cal synchronizer (5, fig. 15-1). The trigger 
amplifier, thyratron switch, high-voltage 
supply, charging circuit, and the pulse-forming 
network are lcoated in the radar modulator 
(6, fig. 15-1). The variable autotransformer 
is located in the junction box. The RF circuits 
are located in the radar receiver-transmitter 
(2, fig. 15-1). However, all controls for these 
circuits are located on the bomb director control. 
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Figure 15-13. -Receiving system, RF and AFC section, block diagram. 


Receiving Function 

The receiving channel of the radar system 
is illustrated by block diagram in figure 15-13 
and 15-14 and should be referred to during the 
discussion that follows. 

The RFecho signals, or the beacon response 
signals, are received by the antenna and fed 
through the directional coupler and the duplexer 


to the receiver mixer. The signal from the 
local oscillator is also applied to the receiver 
mixer, which produces the IF pulses. (NOTE: 
The directional coupler provides a means of 
inserting an RF test signal or the ringing sig¬ 
nal into the waveguide as previously described.) 

Referring to figure 15-14, note that the IF 
pulses are first amplified by the IF preampli¬ 
fiers and then further amplified by the IF 
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Figure 15-14.-Receiving system, IF and video sections, block diagram. 


amplifiers before being detected by one of the 
detectors. The output of the detector, a series 
of video pulses, is amplified and fed to the 
marker mixer circuit where it is combined 
with range line and other marker pulses. 

During search operation, the search AFC 
circuit functions to control the local oscillator’s 
frequency thereby producing the correct inter¬ 


mediate frequency regardless of any shift in 
transmitter frequency. To accomplish this, a 
small sample of the magnetron's output signal, 
which is of the same frequency as the received 
signal, is combined with the local oscillator's 
output in the search AFC mixer. The output of 
the mixer is a series of pulses of a frequency 
which is equal to the difference between the two 
input signals. 
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The search AFC intermediate frequency sig¬ 
nal is amplified by the search AFC intermediate 
frequency preamplifiers and amplifiers and fed 
to the descriminator. As in the AFC circuit, 
discussed in chapter 9 of this course, the out¬ 
put of the discriminator is of an amplitude and 
polarity to produce the necessary change in the 
output of the local oscillator. 

During beacon operation, the beacon AFC 
modulator generates a waveform which fre¬ 
quency modulates the local oscillator. In order 
for the receiver mixer to produce the inter¬ 
mediate frequency during beacon operation, 
the local oscillator must operate at a center 
frequency which is below the beacon response 
signal an amount equal to the intermediate fre¬ 
quency of the receiver. The frequency-modu¬ 
lated local-oscillator signal is fed through the 
beacon cavity to the beacon AFC detector. The 
cavity and the detector operate in conjunction 
with each other to produce beacon AFC video 
pulses when the center frequency of the local 
oscillator is close to, but not exactly equal to, 
the beacon response signal minus the specified 
intermediate frequency. The polarity of the 
beacon AFC pulses depends upon the direction 
of the deviation of the center frequency (or the 
direction of the drift of the intermediate fre¬ 
quency). When the local-oscillator center fre¬ 
quency is correct, there is no output from the 
beacon AFC detector. If not correct, the bea¬ 
con AFC video pulses from the detector are 
amplified by the beacon AFC video amplifiers, 
and then applied to the AFC control and local- 
oscillator tuning circuits. 

When the local oscillator operates at a fre¬ 
quency which is much different from that re¬ 
quired to produce the specified IF, there are 
no AFC video pulses during either search or 
beacon operation. This is usually the case 
when the equipment is first turned on. The 
AFC and local-oscillator tuning circuits then 
cause the local-oscillator frequency to be swept 
over a wide range until AFC video pulses are 
produced, after which time the AFC and local- 
oscillator tuning circuits respond to the AFC 
video pulses and shift the local-oscillator fre¬ 
quency to that required. Then, whenever the 
intermediate frequency drifts, AFC video pulses 
become available. The AFC and local-oscil¬ 
lator tuning circuits respond to these pulses and 
return the frequency of the local oscillator to 
that required for producing and maintaining 
the required intermediate frequency. 

Whenever the magnetron istunedby the mag¬ 
netron tuning mechanism, this mechanism also 


drives potentiometers in the AFC and local- 
oscillator tuning circuits, and causes these cir¬ 
cuits to change the local oscillator frequency 
by the same amount as the magnetron frequency 
is changed. Provisions are also made for man¬ 
ually tuning the local oscillator, even though 
the magnetron is not being tuned. 

Display Function 

The display function of the tunable radar in 
the bomb director set is divided into the follow¬ 
ing four sections: 

1. The timing section, which generates the 
synchronizing and time delay pulses. 

2. The sweep section, which generates the 
necessary sweep waveforms to produce and 
position the indicator traces. 

3. The precision section, which permits the 
radar to use the precision altitude and range 
data computed by the bombing data computer. 

4. The marker section, which produces the 
various marker pulses for the presentations. 

Referring to figure 15-15, the display chan¬ 
nel timing section block diagram, the master 
trigger blocking oscillator circuit generates 
both positive and negative master trigger 
pulses. The positive master trigger output is 
applied to the H (precision altitude) circuits. 
The negative master trigger output is fed to the 
sweep delay circuits, the altitude delay cir¬ 
cuits, and the sweep circuits. 

The sweep delay circuits produce a pulse 
which is delayed with respect to the negative 
master trigger by an amount determined by the 
bombing data computer. When the expanded B- 
type presentation is used at short ranges, the 
delay voltage is proprotional to the computed 
slant range minus a set fraction of the computed 
horizontal range. To this value is added a sweep 
delay set voltage which is adjusted to equal the 
delay of the modulator trigger. When the modi¬ 
fied B-type presentation is used at long ranges, 
the delay voltage is proportional to the comput¬ 
ed horizontal range minus a fixed delay. To 
this value is added the sweep delay set voltage. 

A negative output pulse from the sweep delay 
circuits is fed to the fixed delay on long ranges, 
and is made available to the sweep circuits as 
the sweep delay trigger. The fixed delay cir¬ 
cuits generate a pulse which is delayed with 
respect to the output pulse of the sweep delay 
circuits by an amount equivalent to the fixed 
delay range. This pulse is used as the search 
range line pulse. 
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When the equipment is used for short range 
search, the altitude or beacon delay circuits 
produce a pulse that is delayed, with respect to 
the master trigger, by an amount equivalent 
to the aircraft’s altitude, or by an amount equi¬ 
valent to the beacon delay when the equipment 
is used for beacon location on the beacon long 
range operation. The pulse from the altitude or 
beacon delay circuits is made available to the 
sweep circuits as a trigger. 


The following is a summary of the different 
triggers available to the sweep circuits, and a 
description of the conditions under which each 
is used. The negative master trigger direct 
from the master trigger circuits is used for 
all PPI presentations during either search or 
beacon operation, except when a delayed sweep 
is desired. The altitude delay trigger from the 
altitude or beacon delay circuits can be selec¬ 
ted for any short range operation when it is 
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desirable to delay the start of the PPI sweep by 
an amount corresponding to the altitude of the 
aircraft, and thus eliminate the altitute "hole” 
near the star tin g point of the sweep traces. 
The beacon delay trigger is selected for beacon 
operation when the long range beacon operation 
is used. This delay moves distant beacon re¬ 
turns, which normally would appear near the 
edge of the indicator screen, nearer the center 
of the screen for better definition. The sweep 
delay trigger is selected when expanded pre¬ 
sentations are used. The amount of sweep de¬ 
lay normally used on short range operations is 
dependent upon the radar slant range and com¬ 
puted horizontal range plus the sweep delay 
set. When the equipment is operating on long 
range, the delay is normally determined by the 
computed horizontal range and the fixed delay 
plus the sweep delay set. The precision alti¬ 
tude trigger from the H circuits, which have 
not yet been discussed, is used for the zero- 
set, altitute-set, and echo-test presentations. 
This will be discussed later with the precision 
altitude and precision range circuits. 

The SWEEP SECTION produces the basic 
sweep waveform for each type of presentation. 
During PPI operation, this waveform of vari¬ 
able length is amplified and fed to the sweep 
resolver which is located on the antenna. The 
sweep resolver produces the horizontal and 
vertical PPI sweeps for the deflection coils in 
the indicator. 

The sweep circuits and the sweep resolver 
also perform the same functions when an ex¬ 
panded presentation at long range is used. The 
sweep waveform for this type of presentation 
is always a fixed length. Since resolved sweeps 
are used for the expanded presentation at long 
range, it may at first appear that this presenta¬ 
tion is of the PPI type. Actually, it is a com¬ 
bination PPI-and B-type presentation, because 
azimuth expantion is used as well as sweep 
expansion. The azimuth expansion will be dis¬ 
cussed in the following section. 

When the expanded B-type presentation is 
used at short ranges or for calibration pur¬ 
poses, the sweep waveform from the sweep 
section is fed directly to the vertical deflec¬ 
tion coils as the fast vertical sweep, or the 
precision range sweep as it is sometimes called. 
The sweep resolver and the horizontal deflec¬ 
tion coil are not used at that time. For the 
expanded presentation, which is used at short 
ranges, the sweep is expanded by an amount 
inversely proportional to the range. This 
means that the expansion is continuously in¬ 


creased as the range decreases. To provide 
this varying expansion, the bombing data com¬ 
puter supplies the sweep circuits with a vari¬ 
able sweep charging voltage proportional to the 
computed horizontal range. This sweep chang¬ 
ing voltage, called the automatic range ex¬ 
pansion voltage, keeps the sweep duration 
proportional to the computed horizontal range. 
When an aimpoint is being tracked, this volt¬ 
age is automatically switched to the sweep cir¬ 
cuits at the time the decreasing computed 
range becomes equal to short range operation. 
The purpose of the varying range coverage is 
to keep the range scale of the presentation 
equal to the azimuth scale. 

The DEPRESSED CENTER and the AZI¬ 
MUTH EXPANSION SECTION are illustrated in 
figure 15-16. The depressed center circuit 
supplies a depression current to a separate de¬ 
pressed center coil in the deflection coil as¬ 
sembly. This coil positions the sweep traces 
so that they start near the bottom of the indi¬ 
cator. 

The 5,000 hertz oscillator (fig. 15-16)gen- 
erates a 5,000 hertz reference voltage for the 
azimuth expansion circuits, and a 5,000 hertz 
excitation voltage for the expansion synchro 
transmitter on the antenna. The rotation of 
this synchro shaft represents the reflector 
scan angle R ). The synchro converts this 
rotation into 5,000-hertz azimuth ex pan si on 
synchro data, and supplies it to the azimuth 
expansion circuits, the azimuth line circuits, 
and the bombing data computer. 

The azimuth expansion circuits produce ex¬ 
pansion currents of a value proportional to the 
reflector scan angle, and of a direction deter¬ 
mined by whether this angle is to the right or 
to the left of the direction indicated by the azi¬ 
muth line. The expansion currents are fed 
through the two expansion coils in the de¬ 
flection coil assembly. The currents through 
these coils position the sweep traces horizon¬ 
tally (in azimuth) across the indicator screen 
as the antenna scans. This positioning pro¬ 
vides all of the horizontal deflection for the 
conventional B-type presentation. 

It should be remembered that the modified 
B-type presentation used at long ranges is a 
combination PPI-and B-type presentation. 
Without azimuth expansion, the sweep traces 
would all start at the same point on the indica¬ 
tor screen and a PPI presentation expanded 
only in range would be obtained. The azimuth 
expansion modifies such a presentation by 
spreading the display horizontally on the screen. 
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Figure 15-16. -Depressed center and azimuth expansion section, block diagram. 


This presentation still retains a wedge shape, 
because of the action of the sweep resolver, 
but each sweep trace, like a B-type presenta¬ 
tion, has a different starting point because of 
the azimuth expansion. The deflection of the 
expansion coils is actually superimposed upon 
the deflection of both the horizontal and verti¬ 
cal deflection coils. When a PPI presentation 
is selected, the azimuth expansion circuits 
are disabled. 

The H (altitude) and r - H (slant range-alti¬ 
tude) section is illustrated in block diagram 
form in figure 15-17. The H and r - H cir¬ 
cuits are used for producing the precision al¬ 
titude trigger and the precision range line 
pulse. The precision altitude trigger is used 
by the sweep circuits when the altitude-set, 
zero-set, and echo-test presentations are 
used. The precision range line pulse pro¬ 
duces the range line for these presentations 


and for all of the other presentations when the 
computed horizontal range is under a preset 
value (short range operation). 

The positive master trigger from the mas¬ 
ter trigger circuits triggers the H circuits, 
which develop the precision altitude trigger and 
a trigger for the r - H circuits. These outputs 
are delayed with respect to the master trigger 
by an amount equivalent to a delay voltage from 
the bombing data computer. This delay volt¬ 
age is either the altitude calibrate (H cal) de¬ 
lay voltage, the ring time plus the altitude cal¬ 
ibrate delay voltage, or the precision altitude 
(H) plus the altitude calibrate (H cal) delay volt¬ 
age. The H voltage is called the precision 
altitude voltage because it is a precise function 
of the altitude. The H cal voltage, which is a 
fixed d-c delay voltage, is selected as the de¬ 
lay voltage for the zero set presentation. The 
ring time plus H cal voltage is selected for the 
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echo-test presentation, and the H + H cal volt¬ 
age is used at all other times. 

Another delay voltage from the bombing data 
computer is applied to the r-H circuits. This 


delay voltage is one of the following: 

1. Slant range minus altitude calibrate (r - 
H cal) delay voltage. 

2. Slant range minus altitude (r - H) delay 
voltage. 
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3. Slant range minus altitude (r - H) delay 
voltage plus slant range minus altitude calibrate 
(r - H cal) delay voltage. 

The r - H voltage is a precise function of 
the slant range minus the altitude and the r - H 
cal voltage is a fixed delay voltage. The r - H 
cal voltage is selected as the delay for the 
zero-set, altitude-set, and echo-test presenta¬ 
tion, and the (r - H) + (r - H cal) voltage is 
used at other times. The r - H circuits pro¬ 
duce the precision range-line pulse, which is 
used during calibration and the echo test, and 
whenever the short range operation is used. 
This pulse is delayed with respect to the master 
trigger by an amount equal to the sum of two 
delays introduced by the bombing data computer. 

A summary of the different delays used for 
the precision range-line pulse under different 
operating condidtions follows: 

1. For the zero-set presentation, the delay 
is equal to H cal + (r - H cal). Their sum, r, 
represents the computed zero slant range. To 
make the calibration, the modulator trigger is 
delayed at the modulator delay circuit an a- 
mount which makes the transmitter pulse coin¬ 
cide in time with the precision range-line pulse. 
This calibration makes the computed zero range 
and the actual zero range equal to each other. 

2. For the altitude-set presentation, the de¬ 
lay of the precision range-line pulse is equal to 
(H + H cal) + (r - H cal). Since H cal + (r - H 
cal) represents both the computed and actual 
zero slant range, the total delay with respect 
to zero range is H, representing the computed 
altitude. To make the altitude-set calibration, 
the necessary correction is first introduced to 
make the computed altitude equal to the actual 
altitude. Then, with these quantities equal, 
the H information is used to calibrate the al¬ 
titude and vertical velocity meter in the bombing 
data computer. 

3. For the echo-test presentation, the delay 
of the precision range-line pulse is equal to 
ring time + H cal) + (r - H cal). Since H cal + 
r - H cal) represents both the computed and 

actual zero slant range, the total delay with 
respect to zero range is ring time, which is 
adjustable by means of a calibrated control on 
the bomb director control. When the echo-test 
presentation is used, the magnetron is timed 
to the resonant frequency of the tuned cavity 
(echo box), causing the tuned cavity to ring. 
The received ringing signal is displayed on the 
indicator. The ring-time delay is adjusted un¬ 
til the end of the ringing signal coincides in 


time with the precision range line. The control 
setting then indicates the measured ring time. 
The length of the ring time depends upon the 
transmitter power output and the receiver sen¬ 
sitivity. Therefore, the ring-time measurement 
is a check of the overall operation of the trans¬ 
mitting and receiving sections. 

4. EXiring search or beaconoper ation at 
short ranges, the delay of the precision range¬ 
line pulse is equal to (H + H cal) + [ (r - H) + 
(r - H cal)]. Since H cal + (r - H cal) repre¬ 
sents the delay of the transmitter pulse with 
respect to the master trigger, H + (r - H), or 
r, represents the delay of the precision range 
line with respect to zero range. This delay 
corresponds to the computed slant range of the 
aim point. 

When the PPI presentation is used at short 
ranges, the r - H voltage may be varied by the 
operator to produce any desired amount of de¬ 
lay of the precision range-line pulse. 

The AZIMUTH LINE and COURSE MARKER 
SECTION are illustrated in figure 15-18. The 
azimuth line circuits amplify and detect the 
modulated 5,000-hertz waveform from the azi¬ 
muth expansion synchro transmitter, and use 
the detected waveform as a gate for admitting 
the intensity gate pulses from the sweep circuits 
when the reflector scan angle is 0°. The se¬ 
lected intensity gate pulses are used to form 
azimuth line trigger pulses for the azimuth and 
course marker circuits. 

The bombing data computer uses the azi¬ 
muth expansion synchro data in developing the 
relative course (»7 R ) signal for the course mar¬ 
ker circuits. The signal is also a modula- 

K 

ed 5,000 hertz signal, the null of which occurs 
when the antenna scans past the direction of the 
aircraft’s course. (The course of the aircraft 
is the direction the aircraft is actually traveling 
over the ground.) The course marker circuits 
amplify and detect the waveform and use 

the detected voltage as a gate for admitting the 
tips of sawtooth pulses. These sawtooth pulses 
are produced from the sweep feedback wave¬ 
form supplied by the sweep circuits. The se¬ 
lected tips of the sawtooth pulses are used to 
form the course marker trigger pulses for the 
azimuth and course marker circuits. 

The azimuth and course marker circuits 
generate an azimuth line pulse for each azimuth 
line trigger received, and a course marker 
pulse for each course marker trigger received. 
The intensity gate from the sweep circuits is 
fed to the intensity gate cathode follower. Its 
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output is combined with the output from the azi¬ 
muth and course marker output cathode follower. 
The combined pulses are fed to the intensity 
(control) grid of the cathode-ray tube. These 
positive pulses cause the sweep traces to be 
visible on the screen of the CRT. The azimuth 
line pulses brighten one or more sweep traces 
when the reflector scan angle is 0°. (The scan 
angle is 0° when the antenna scans through the 
line of sight to the aim point or another selec¬ 
ted target.) Therefore, the sweep, when bright¬ 
ened by the azimuth line pulses, is called the 
AZIMUTH LINE. The course marker pulses 
brighten the end of one or more sweep traces 
when the antenna scans through the direction of 
the aircraft’s course thereby formingthe course 


marker at the outer edge of the sweep on the 
CRT screen. 

Antenna Stabilizing and 
Scanning Functions 

The circuits and mechanism used to stabi¬ 
lize and drive the antenna reflector are illus¬ 
trated in figure 15-19 through 15-22. The 
stabilizing system of the antenna consists of the 
roll, pitch, and azimuth servo loops, and also 
the azimuth platform during narrow-degree 
scanning operation. During wide-degree scan¬ 
ning operation, the azimuth platform is used as 
the scanning system. The narrow-degree 
scanning system consists of the narrow-degree 
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Figure 15-19.-Antenna roll and pitch stabilization servo system, block diagram. 


scan drive motor and clutch, and the inertia 
compensator. 

The roll and pitch servo loops (fig. 15-19) 
receive roll and pitch synchro data supplied by 
the gyroscope assembly. These servo loops 
use this data to stabilize the feedhorn and re¬ 
flector in roll and pitch to prevent the rolling 
and pitching movements of the aircraft from 
moving the feedhorn and reflector. Roll and 
pitch corrections are made through the antenna 
outer column, the azimuth platform, and the 
antenna inner column to which the feedhorn and 
reflector are attached. The inner and outer 
columns are maintained vertical at all times, 
unless the deviation from level flight is greater 


than the correcting capabilities of the stabi¬ 
lizing system. 

The azimuth servo loop (fig. 15-20) re¬ 
ceives relative-bearing (9 ) data from a syn- 

K 

chro transmitter in the bombing data computer. 
During narrow degree scanning operation, 
this servo loop feeds 0„. information to the azi- 

muth platform. Another servo loop of the plat¬ 
form uses this information for azimuth stabi¬ 
lization of (l)the platform, (2) the inner column, 
(3) the inertia compensator, (4) the feedhorn, 
and (5) the reflector. 

Azimuth stabilization in this sense is ac¬ 
tually relative bearing stabilization; that is, 
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for any given value of the center of the 

sector which the antenna scans is kept fixed in 
its direction. However, when the relative bear¬ 
ing changes because of either the movements 
of the aircraft or the selection of a different 
aim point, the 0 R corrections, which are in¬ 
troduced manually by the operator or auto¬ 
matically by the bombing data computer, cause 
the azimuth servo loop to supply a different 
value of to the azimuth platform. The plat- 

form then drives the inner column, the feed- 
horn, and the reflector, so that the antenna 
always scans the sector whose center is es¬ 
tablished by the value of 0 R . During wide- 

degree scanning operation, the feedhorn and 
reflector are not stabilized in azimuth. 


Figure 15-21 is a block diagram of the scan 
selector and the narrow-degree scanning sys¬ 
tems. The blocks marked with an asterisk re¬ 
present the scan selector system, and the re¬ 
mainder of the blocks represent the narrow- 
degree scanning system. 

When the function switch is placed in any 
position except wide scan search, the narrow- 
degree slow scan solenoid is energized. The 
action of the solenoid controls the scan selector 
switch S4 which applies power to the scan selec¬ 
tor motor. The scan selector motor drives the 
cam mechanism in the azimuth platform, and it 
also actuates the scan selector switch S5 which 
provides a ground for the circuit through the 
narrow scan direction switch. 

The narrow scan drive motor is energized 
when the director function switch is placed in 
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Figure 15-21.-Antenna scan selector and narrow-scanning system. 


either the optical and radar standby position, 
or any of the other radar positions. Thus, when 
the narrow slow scan solenoid is energized, the 
brake is released and the slow clutch trans¬ 
mits the rotation of the narrow scan motor in 
the inertia compensator. It then converts the 
rotation into narrow-degree oscillations. Thus, 
as the inertia compensator oscillates, it car¬ 
ries the antenna inner column, feedhom, and 
the reflector, causing the antenna to scan a 


narrow-degree azimuth sector. This sector 
is centered at a position established by the 0 
input from the azimuth platform. The cam lo¬ 
cated in the inertia compensator operates the 
scan direction switch at the extremes of the 
antenna scan. 

When the function switch is placed in the pro¬ 
per position, the rapid scan solenoids is ener¬ 
gized. However, the slow scan solenoid is also 
energized at the same time. Both solenoids 
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Figure 15-22.-(A) Antenna wide-degree scanning system; (B) antenna pattern 
control; (C) output signal system. 


act to engage the fast clutch, with the slow 
clutch being disengaged in the process. The 
inertia compensator then oscillates as pre¬ 
viously stated. 

For wide-degree scanning (fig. 15-22(A)), 
the azimuth platform is driven back and forth 


through a specified wide-degree sector cen¬ 
tered within ±12-1/2° about the aircraft fore- 
and-aft axis. This motion is fed through gears 
in the inertia compensator to the antenna inner 
column, the feedhorn, and the reflector, caus¬ 
ing the reflector to scan a wide-degree azimuth 
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sector. The inertia compensator receives no 
rotational power from the narrow-degree scan 
drive motor; therefore, it is inoperative dur¬ 
ing wide-degree scanning operation. 

The antenna pattern control (fig. 15-22 (B)) 
motor is operated by a switch on the bomb di- 
rector control. This motor is bidirectional 
and drives the reflector vertically with respect 
to the feedhorn, and thereby changes the anten¬ 
na beam pattern to give the best target returns 
at different altitudes. 

The pattern control also furnishes the op¬ 
erator a meter indication of the reflector posi¬ 
tion through a worm drive and pattern control 
potentiometer. 

ANTENNA OUTPUT 
SIGNAL SYSTEM 

The antenna output signal system is illus¬ 
trated in figure 15-22 (C). One input shaft of 
the mechanical differential is rotated by the 
scanning motion of the antenna inner column. 
The position of this shaft represents the antenna 
angle (<u R - 0 R ). The other input shaft is po¬ 
sitioned by the azimuth servo loop which opera¬ 
tes during both narrow and wide-degree scan¬ 
ning operations even though the reflector is not 
stabilized in azimuth during wide-degree scan¬ 
ning operation. Therefore, the position of this 
input shaft represents the relative bearing 
(0_J of the aim point. The differential adds 

this plus d R data to the (w R - 0 R ) data, pro¬ 
ducing an output shaft rotation which is pro- 
portionalto the reflected scan angle ( 0 R ). 

This output drives the shafts of the sweep re¬ 
solver and the azimuth expansion synchro trans¬ 
mitter. 

The sweep resolver receives the sweep wave¬ 
form from the display channel and produces the 
horizontal and vertical sweeps for the PPI and 
the modified B-type indicator presentations. 

The azimuth expansion synchro transmitter 
is excited by the 5,000-hertz voltage from an 
oscillator in the display channel. This synchro 
converts the mechanical 6 „ data of its shaft 

K 

rotation into the azimuth expansion signal for 
the azimuth expansion circuits and the azimuth 
line circuits, and into synchro data which is fed 
to the bombing data computer for use in pro¬ 
ducing the course marker signal. 


INPUTS AND OUTPUTS OF 
TUNABLE RADAR SYSTEM 

The block diagram (fig. 15-23) illustrates how 
the radar system ties into the rest of the bomb 
director set. The radar receives roll and 
pitch data from the gyro assembly, and receives 
all other inputs from the bombing data computer. 
The roll and pitch data are used to stabilize the 
antenna. From the bombing data computer 
the radar receives the various delay voltages 
for delaying the precision altitude trigger and 
the precision range line. The bombing data 
computer also supplies the radar system the 
long range sweep delay voltage and the preci¬ 
sion range sweep delay voltage. In addition, it 
supplies the radar system the automatic range 
expansion voltage for automatically varying the 
length of the sweep, when using the expanded 
presentation at short ranges, and the relative 
bearing ( 0 R ) data for stabilizing the antenna in 

azimuth. 

The radar system output furnishes azi¬ 
muth expansion synchro data to a synchro in the 
bombing computer, which changes this data in 
accordance with relative course (*? R ) data and 

it, in turn, supplies the resulting course mar¬ 
ker signal to the radar. 

The bombardier views the radar presenta¬ 
tion through the eyepiece of the periscope. He 
then alines the selected target at the intersec¬ 
tion of the azimuth and range-lines by operat¬ 
ing a tracking lever which intr oduces range 
and true bearing corrections to the bombing 
data computer. The computer then makes the 
necessary corrections to the inputs of the radar 
system for tracking the aim point. 

RADAR MAINTENANCE 

The tunable radar employed with the bomb 
director is designed and built to give maximum 
operation performance under normal conditions. 
If the equipment is properly installed and ad¬ 
justed, it should operate satisfactorily with¬ 
out troubles for long periods of time. 

The best method to determine whether the 
equipment is operating properly is to subject 
it to a complete bench test prior to installation. 
If the equipment should fail to function for any 
cause, the information required for trouble¬ 
shooting, adjusting, and repairing each compo¬ 
nent, may be found in the equipment's Service 
Instruction Manual. This manual presupposes 
that the technicians are thoroughly familiar 
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Figure 15-23.-Inputs and outputs of tunable radar system. 


AQ. 312 


with the physical makeup, operational charac¬ 
teristics, capabilities, limitations, and de¬ 
tailed system operation of the equipment and 
that he also has a knowledge of related com¬ 
puting equipment as discussed in chapter 17 of 
Aviation Fire Control Technician 3 & 2. 

With the exception of the special test equip¬ 
ment and tools required, maintenance of the 
radar used within bomb director set is similar 
to the maintenance required on any airborne 
fire control radar, which is a thorough under¬ 
standing of the equipment and its operation, and 
a logical systematic approach to its malfunc¬ 
tions. 

COMPUTING SYSTEM 

The computer used in the bomb director sys¬ 
tem described in this chapter was discussed in 


chapter 17 of Aviation Fire Control Technician 
3 & 2. In that discussion the theory of opera¬ 
tion of the individual subcomponents was des¬ 
cribed in detail. This chapter groups, by 
means of detailed block diagrams, these indi¬ 
vidual subcomponents into three primary sys¬ 
tems. It describes the functional operation of 
each system and the functional relationship be¬ 
tween the three systems. The systems are the 
stabilizing system, the tracking data computing 
system, and the release point data computing 
system. 


STABILIZING SYSTEM 

If the optical and radar sighting elements 
were rigidly attached to the aircraft, the optical 
and radar lines of sight would move with respect 
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Figure 15-24.-Part of stabilizing system. 

to the aim point. This would be due to the nor¬ 
mal roll, pitch, and change in heading rotations 
of the aircraft. However, the stabilizing sys¬ 
tem isolates these sighting elements from such 
aircraft rotations, and causes the optical and 
radar lines of sight to become stable. 

Included in the stabilizing system are the 
gyros cope assembly, the magnetic compass 
elements, the heading servo and synchro unit, 
the latitude synchro unit, the stabilizing drives 
in the periscope and antenna, and associated 
amplifiers in the electronic control amplifier. 
Only a part of the stabilizing system is shown 
in figure 15-24. The heading servo and syn¬ 
chro unit, the variation synchro, and the lati¬ 
tude synchro unit are the only units of the stabi¬ 
lizing system that are contained in the bomb¬ 
ing data computer. 

As shown by the block diagram, this part of 
the stabilizing system has inputs and outputs 
which affect the operation of other units in the 
stabilizing system, as well as the other sys¬ 
tems. The following paragraphs discuss how 


these units operate in the stabilizing system. 

Referring to the block diagram, the mech¬ 
anical inputs to these units include magnetic 
variations (y), true bearing (n), and latitude. 
The electrical inputs are magnetic heading 
Ctf M ) an< * a correction voltage from the head¬ 
ing amplifier in the electronic control amplifier 
which is identified.as true heading (ft) correc¬ 
tion in the diagram. The single mechanical 
output is relative bearing (ft^). The electrical 

outputs include n, 0 R , pitch and roll earth's 

rotation correction (ERC), and azimuth ERC. 
Also, the ele ctr i cal output signal called 0, 
which originates in the variation synchro, is 
amplified in the heading amplifier in the elec¬ 
tronic control amplifier for use in the heading 
servo and synchro unit. 

The heading servo and synchro unit develops 
outputs of both mechanical and electrical rela¬ 
tive bearing ( 0 T ,)which is developed from mag- 

netic variation(y), magnetic heading (0 M ), and 
true bearing (/*) as follows: 0 M and y are com¬ 
bined in a servo loop whose output is mechani¬ 
cal 0 . This servo loop includes the heading 
differential synchro in the heading servo and 
synchro unit, the variation synchro on the front 
panel, and the heading amplifier in the electron¬ 
ic control amplifier. Mechanical 0 is combined 
with mechanical (n) in a differential to produce 
mechanical0 R . Mechanical 0 R is coupled 

into the groundspeed computer and integra¬ 
tor, and the bombing computer subcomponent. 
In the groundspeed computer and integrator, 
0 R establishes the correct angle between the 

airspeed vector, V , and the range line. This 

ultimately aids in the production of ground- 
speed (V G ). In the bombing computer subcom¬ 
ponent, 0 R aids in establishing the direction of 

the trail vector (T'), as part of the B vector 
solution. The end of the B vector represents 
the location of the impact point. (See chapter 
17 of Aviation Fire Control Technician 3 & 2.) 
Electrical 0 R is fed to the periscope and the 

antenna in order that both the optical and radar 
lines of sight are established in the correct 
angle to be centered in azimuth on the aim point. 

The heading servo and synchro unit also 
converts mechanical true bearing (m) into its 
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electrical equivalent, for use in the radar por¬ 
tion of the bomb director set to provide a north- 
up presentation (if used) on the screen of the 
radar indicator. 

The latitude s yn chr o unit (fig. 15-24) re¬ 
ceives latitude as an input. This mechanical 
latitude input is converted into two electrical 
output signals. The first electrical output re¬ 
presents the cosine of latitude, and is sent to 
the heading servo and synchro unit, where it 
is developed, along with 6 information, into 
pitch and roll ERC signals. The second elec¬ 
trical output from the latitude synchro unit is 
the azimuth ERC signal. The pitch and roll 
ERC signals, after being amplified by the 
ERC amplifier, are sent to the gyroscope as¬ 
sembly, where they are used to aid in main¬ 
taining the pitch and roll gyros vertical. Such 
compensation is required to counteract effects 
caused by the rotation of the earth, and also 
the progress of the aircraft as it changes po¬ 
sition during flight. The azimuth ERC signal 
aids in maintaining the axis of the azimuth gyro 
stable with respect to magnetic north. 

We can conclude, then, that this portion of 
the stabilization system causes both the radar 
and optical lines of sight to be rotated in azi¬ 
muth to coincide with a vertical plane through 
the aim point. The units contained in this por¬ 
tion also aid m producing a north-up presenta¬ 
tion on the screen of the radar indicator, and 
in stabilizing the roll, pitch, and azimuth gyros 
in the gyroscope assembly. The mechanical 
0 R output from the heading servo and synchro 

unit is coupled to the groundspeed computer 
and integrator, where it aids in producing 
V G ; it is also coupled to the bombing computer 

subcomponent, where it aids in setting up the 
B vector. 

TRACKING DATA 
COMPUTING SYSTEM 

In the summary of the stabilizing system it 
was explained how the radar and optical lines 
of sight from the aircraft to the aim point were 
stabilized in roll, pitch, and relative bearing 
(0 R ). Since the aircraft is moving with re¬ 
spect to the aim point, it is necessary, because 
of this motion to track the aim point. Tracking 
means the positioning of the line of sight, by 
correctly altering the values of certain vari¬ 
ables in the trackingdata computing system, so 


that the crosslines continuously intersect the 
aim point. 

To solve the tracking problem, it is neces¬ 
sary to establish continuously the position of 
the aim point relative to the aircraft. This is 
accomplished by tracking the aim point with 
respect to the three coordinates of aim point 
position. These three coordinates are defined 
as the altitude (H) of the aircraft above the aim 
point; the horizontal ground range (R) from the 
aircraft to the aim point; and the relative bear¬ 
ing (0 R ) of the aim point to the fore-and-aft 

axis (or heading) of the air craft. H is con¬ 
tinuously computed in the altitude and vertical 
velocity meter of the tracking data computing 
system. Horizontal tracking continuously es¬ 
tablishes R. These values, including 6 R , are 

correct when the crosslines remain fixed on 
the aim point. 

Figure 15-25 is a block diagram of the sub¬ 
components of the tracking data computing sys¬ 
tem. Three amplifiers located in the electronic 
control amplifier are also used. 

Inputs to the system include: 

1. ±AR and ^A/z or ±A H as signaled by the 
bombardier by means of the tracking control. 

2. P g and P^. from the pitot-static tube. 

3. Temp from the temperature element. 

4. 6 R from the stabilizing system. 

5. True course (tj) from the release point 
data computing system. 

Inputs, which are manually set in, include 
H a , H t , and initial values of longitude and lati¬ 
tude. Automatic range expansion is set in when 
the operator places the range expansion switch 
on the front panel to its ON position. 

The principal outputs of the tracking data 
computing system are: 

1. Control voltage and slant range (r - H + 
H = r) to the radar system. 

2. Elevation angle (y>) to the optical system. 

3. Latitude to the stabilizing system. 

4. Tracking data to the release point data 
computing system. 

The manner in which these outputs are obtained 
is discussed in the following paragraphs. 

The inputs and outputs of the airspeed com¬ 
puter and the altitude and vertical velocity me¬ 
ter can be seen in figure 15-25. From inputs 
of Py, Pg, and TEMP, the airspeed computer 

computes V A , and feeds it to the groundspeed 
computer and integrator, which combines it 
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with other inputs to produce Vq. is also 

fed to the trail computer in the release point 
data computing system, where, along with the 
computed altitude (Hq - H^) and T inputs, it 

contributes to the computation of T*. 

Altitude is continuously computed in the alti¬ 
tude and vertical velocity meter from inputs of 
H a , H t , t, Pg, and H from the tracking con¬ 
trol. The computed altitude (Hq - H A = H) out¬ 
put is fed to the slant range and elevation angle 
computer, where it aids in the computation of 
slant range to the radar system, and elevation 
angle to the optical system. The V H and Hq - 

H t outputs are fed to the time-of-fall computer 


in the release point data computing system, 
where, along with T, they are combined to com¬ 
pute t f 

The slant range output from the slant range 
and elevation angle computer to the radar 
essentially consists of two delay voltages, r - 
H and H. They are combined in the radar sys¬ 
tem to produce the precision range crossline 
on the radar screen as seen in the eyepiece of 
the periscope. These two delay voltages are 

developed from input of f rom the 

range limits mechanism; and H, from the alti¬ 
tude and vertical velocity meter. The total de¬ 
lay of the two voltages will always represent 
computed slant range for ranges under 25 miles. 
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Figure 15-25. -Tracking data 

The elevation angle output (error voltage) 
(fig. 15-25), consists of an error voltage which 
represents a change in elevation angle (a<£). 
The error voltage is fed to the elevation angle 
amplifier in the electronic control amplifier 
where it is compared with a second <t> error 
voltage from the periscope. The resultant is 
amplified and sent to the xf> motor (in the peri¬ 
scope), whose output shaft rotation is propor¬ 
tional to elevation angle The motor shaft 

rotation aids in positioning the elevation-level 
prism so that the optical line of sight repre¬ 
sents computed elevation angle. The elevation 
angle error voltage is also developed from in¬ 
puts of R and H in the slant range and elevation 
angle computer. For ranges up to 25 miles, 
the error voltage is developed from inputs of 
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computing system-Continued. __ 

-.150,000 , tt * r»E -1 4 -u 

R q ’ and H; for ranges over 25 miles, the 

error voltage is developed only from changes 
in H. 

All range outputs from the range limits me¬ 
chanism are computed from inputs of ±AR, 
from the range portion of the range and azimuth 
correction unit, and time integral of ground- 
speed (f V R dt) from the range integrator and 

gear shift. The rJ 50, °°° is fed to the bomb¬ 
ing computer subcomponent, of the release 
point data computing system, to aid in the solu¬ 
tion of the A vector. The rJ 50, ^°° output also is 
fed to the range reciprocal integrator to aid in 
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the production of its t/R output. The Rq^’ 

also is fed to the range and azimuth correction 

unit where it aids in the production of its R 

A u ^ 4 . mu D 1 50,00 0 _1 50,000 . . 

&n/t output. The R q ’ , R 20 qqq , and 

Rgg^ outputs of the range limits mechanism are 


fed to the slant range and elevation angle com¬ 
puter to aid in producing voltages which are fed 
to the radar system. These voltages include 
H + (r - H) voltages, automatic range expan¬ 
sion (ARE) voltage, calibration voltages, sweep 
delay voltages, and an under 60 mile signal. 

The rJ 50, 000 input to th e slant range and 


elevation angl e computer, as mentioned pre¬ 
viously, is also used in the production of the 
elevation angle, 0. 

The J V R dt output from the range integrator 


and gear shift is computed from inputs of t from 
the constant speed motor, and range rate (V R ) 


from the groundspeed computer and integrator. 
Electrical limit signals and speed change sig¬ 
nals from the range limits mechanism restrict 
the operation of the gear shift from 0 to 200 
miles, and control the t' output to the range re¬ 
ciprocal integrator, respectively. 

The groundspeed computer and the integrator 
compute outputs ofV G , r? R , fv Q dt, V R , and 

azimuth rate (V^). It receives inputs of 
from the airspeed computer; R V^y and/iV^ 
from the wind resolver; 0 R from the stabiliz¬ 


ing system; and t from the constant speed motor. 


The Vq output is fed to the groundspeed time- 

of-fall multiplier of the release point data com¬ 
puting system, which multiplies Vq and t^ to 

provide V G t f output to the bombing computer 

subcomponent. The 7 R output is also fed 

to the bombing computer subcomponent to aid 
in the solution of both the A and B vectors. 
The output is fed to the ground posi¬ 

tion indicator and to the intervalometer, of 
the release point data computing system. 
This output intr odu ces ground velocity into 
the intervalometer to provide the proper 
bomb-spacing intervals. In the gr ound posi¬ 
tion indicator, J V Q dt is integrated with the 
r .1 input from th*e release point data comput¬ 
ing system to compute changes in latitude and 


longitude. The lat itude output of the ground 
position indicator is fed to the latitude resol- 
ver and the azimuth ERC potentiometers of 
the latitude resolver unit. The cosine of la¬ 
titude output of the latitude resolver unit ulti¬ 
mately produces roll and pitch ERC for the roll 
and pitch gyros in the gyroscope. The output of 
the ERC potentiometers provides azimuth ERC 
to the azimuth gyro. 

The output from the groundspeed com¬ 
puter and integrator is fed to the azimuth 
integrator, which also receives t/R as an 
input from the range reciprocal integrator. 
The azimuth integrator multiplies these two 
inputs and provides an output of J V^/R dt, 

which represents computed changes in n . 
This output isfedtooneendgear ofthe^ 
differential; the other end gear receives an 
input of ± &n from the true bearingcorrec- 
tion portion of the range and azimuth correc¬ 
tion unitwhen the tracking control is 
operated. 

The output of the \i differential is fed to 
the bombing computer subcomponent of the 
release point data computing system, to the 
wind resolver, and to the heading servo and 
synchro unit of the stabilizing system. The 
H input is employed in the bombing computer 
subcomponent as an aid in solving the A 
vector. In the wind r esolv er, thewind 
vector is continuously resolved in the terms 
of R V W and /i V' w with respect to changes in 

H . As stated previously, the outputs of 
R V W and M V W are fed to the groundspeed 

computer and integrator. In the heading 
servo and synchro unit, the m input is sub¬ 
tracted from <p to provide both me chanical 
and electrical 0 R . Mechanical 0 R is fed to 

the tracking data and release point data com¬ 
puting sy st em s. As previously described in 
the summary of the stabilizing system, ele- 
trical 0 R is fed to the periscope and to the 

antenna for the purpose of stabilizing the op¬ 
tical and radar lines of sight in azimuth. 

RELEASE POINT DATA 
COMPUTING SYSTEM 


The release point data computing system 
is contained entirely within the bombing data 
computer. The system determines the proper 
course the aircraft must fly in order to 
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have the bombs hit the target, and the distance 
to go before bomb release. It automatically 
causes the bomb bay doors to be opened, a pre¬ 
determined number of bombs to be dropped, and 
the bomb bay doors to be closed-all at the 
proper time and in the proper sequence. 

The release point data computing system 
comprises the time-of-fall computer, the 
groundspeed time-of-fall multiplier, the trail 
computer, the bombing computer, and the inter- 
valometer. Referring to figure 15-26, it can 
be seen that the bombing computer is the most 
important subcomponent in this system, since 


most of the information flows into or out of the 
block which represents the bombing computer. 
In order to summarize the release point data 
computing system, consider the generation of 
the information that feeds into the bombing 
computer subcomponent, and then its ultimate 
outputs. 

Inputs of rJ 50 > 00 °, 17 and from the 

tracking data computing system and manual 
inputs of and S to the bombing computer sub¬ 
component, are required as inputs to the A 
vector solver in order for it to solve for 
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the A vector. The end of the A vector repre¬ 
sents the location of the target. 

Inputs of j? r from the tracking data com¬ 
puting system, <f> R from the stabilizing system, 
T' from the trail computer, V G t f from the 

groundspeed time-of-fall multiplier, and 
AV^t, from the intervalometer are required 

Ci 1 

as outputs to the B vector solver in order 
that it may solve for the B vector. The end of 
the B vector represents the location of the 
impact point. 

The trail computer receives inputs of 

and H q -H t from the tracking data computing 

system, and T from a knob on the front panel 
on the bombing data computer, from which it 
computes T T for the bombing computer sub¬ 
component. 

The groundspeed time-of-fall multiplier 
receives inputs of t^ from the time-of-fall com¬ 
puter and V G from the tracking data computing 
system, from which it computes V G t f from the 

bombing computer subcomponent. 

The intervalometer develops AV G t f for the 

bombing computer subcomponent from inputs of 
"number of bombs" and "bomb spacing" from 
the knobs on the intervalometer. 

Through the use of these inputs, the bomb¬ 
ing computer subcomponent solves for both the 
A and B vectors, and puts out the electrical 
output signals for which the release point data 
computing system is intended. 

During position deviation indicator (PDI) 
operation, the bombing computer subcomponent 
develops a PDI error signal, which aids in 
guiding the aircraft along the proper course to 
hit the target. It develops a distance-to-go 
signal, which is an indication of distance before 
bomb release. It also controls the course 
marker signal, which is sent to the radar por¬ 
tion. Finally, it sends out a s 1 gna 1 which 
causes the bomb bay doors to be opened, a first 
bomb release signal, and a signal which closes 
the bomb bay doors. 

The bomb release signal is sent to the bomb 
bay by means of the intervalometer. If more 
than one bomb is to be dropped, the intervalo¬ 
meter sends out additional release signals 
during the time the bomb bay doors are open. 
The intervalometer sends an "end of train" 
signal to the bombing computer subcomponent 


after which time the "bomb bay doors close" 
signal is sent out. 

The mine-bomb knob on the front panel of 
the intervalometer causes the intervalometer 
to send the mine-bomb signal to the trial com¬ 
puter. This signal, in turn, causes the trial 
computer to develop trail (T’) information at 
different rates, depending upon whether bombs 
or mines are being dropped. Thus, the T' input 
to the bombing computer is varied according 
to operational requirements. 

Thus, it can be jncluded that the release 
point data computing system aids in guiding the 
aircraft during the bomb run, and automatically 
controls the dropping of the bombs. 

BENCH TEST AND ALINEMENT 

The mechanical computer, used in the bomb 
director system described in this chapter and 
Aviation Fire Control Technician 3 & 2, con¬ 
sists of many subunits machined to minute 
tolerances and requires special equipment for 
testing and alining. The system exists in 
several configurations, making it impractical 
to duplicate the procedures for each in this 
manual. Therefore, only general procedures 
are presented here. 

The importance of cleanliness of the work¬ 
ing area, tools, lubricants, and solvents can¬ 
not be overemphasized. Malfunction of close- 
tolerance mechanical parts and electrical com¬ 
ponents can, in many instances, be attributed 
to dirt and foreign matter. In addition to clean¬ 
liness, it is important to maintain a dry work¬ 
ing area. Avoid exposing any component to 
dampness or moisture any more than is abso¬ 
lutely necessary. 

Each of the subunits previously mentioned 
are individually alined mechanically to precise 
positions. After alinement, the subunits are 
installed in the computer in a definite sequence. 
These units need not be alined in any particular 
order. However, because the installation must 
be performed in sequence, it is recommended 
that each subunit be alined in a similar sequence 
and installed immediately after alinement. If 
the settings are correct and the couplings are 
alined properly, the units should slide easily 
into place in the computer. After all sub¬ 
units have been installed, remove and return 
all setting pins to their proper storage position. 
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After all subunits have been alined and prop¬ 
erly installed and the setting pins removed, it 
will be necessary to perform a complete per¬ 
formance check to determine that the computa¬ 
tions are correct within tolerances as set forth 
in the appropriate Service Instruction Manual. 
It can be readily seen that the most important 
factors in maintaining a computer of this type 
are cleanliness, precise alinement of each 
individual subunit, and adhering to the step-by- 
step procedures outlined for the particular 
system configuration. 


DISPLACEMENT GYRO 


The gyro assembly consists of two subas¬ 
semblies-a gyro subassembly and an amplifier 
subassembly mounted on a common base. 
Three gyros and most of the mechanical and 
electro-mechanical elements are contained in 
the gyro assembly. Most of the electrical 
circuits are located in the amplifier. 

The gyro establishes a horizontal reference 
plane, and with the magnetic compass elements 
(one in each wingtip) establishes magnetic 
north as a reference direction. Using these 
two references, the gyro assembly measures 
the rotation of the aircraft about any of its axes. 
When the aircraft pitches or rolls, the gyro 
assembly converts the amplitude and direction 
of pitch and/or roll into electrical pitch and/or 
roll data. When the aircraft changes direction 
of flight and turns in azimuth on its vertical 
axis, the deviation of the heading from mag¬ 
netic north and the direction of such deviation 
is converted into electrical magnetic heading 
data. This data from the gyros is transmitted 
by synchros to the radar antenna, the peris¬ 
cope, and the bombing data computer. 

NOTE: In some of the later equipments 
this information is also transmitted to the 
Doppler radar system groundspeed computer. 

A gyroscope assembly of this type was des¬ 
cribed in Aviation Fire Control Technician 3 
& 2. In this chapter a block analysis of the 
gyro assembly is given and squadron level 
maintenance such as performance checks, 
balance adjustments, and cleaning is discussed 
briefly. Many maintenance operations on the 
gyro assembly require the use of special test 
equipment found only at overhaul’ depots. 
Therefore, repairs to the gyro and replacement 
parts available at squadron level are limited. 


GYRO ASSEMBLY 
BLOCK ANALYSIS 


A block diagram of the gyroscope assembly 
is shown in figure 15-27. The solid lines con¬ 
necting the blocks represent electrical signal 
paths; the dotted lines represent mechanical 
couplings; and the wavy lines represent mag¬ 
netic attraction, gravitational force, accelera¬ 
tion, and the earth’s magnetic field, as indi¬ 
cated. Most of the circuits center around the 
three gyros. 

When the roll gyro becomes decentered in 
the pitch and roll gimbal, this gyro displaces 
the armature of the roll E-transformer. The 
roll E-transformer produces an error signal 
which is amplified and converted to a drive 
voltage by the roll centering amplifier. The 
drive voltage causes the roll centering servo¬ 
motor to apply a torque to the roll gyro. The 
roll gyro then precesses until it is centered in 
the pitch and roll gimbal. 

When the pitch gyro becomes decentered in 
the pitch and roll gimbal, the pitch E-trans- 
former produces an error signal for the pitch 
centering amplifier. This amplifier drives the 
pitch centering servomotor, which applies a 
torque to the pitch gyro through the pitch and 
roll gimbal. This torque causes the pitch gyro 
to precess until it is centered in the pitch and 
roll gimbal. 

When the azimuth gyro becomes decentered 
in the azimuth gimbal, the azimuth E-trans¬ 
former, the azimuth centering amplifier, and 
azimuth centering servomotor operate in the 
same manner as their counterparts in the roll 
and pitch centering circuits. The azimuth 
centering servomotor applies a torque to the 
azimuth gyro through the azimuth gimbal. This 
torque makes the azimuth gyro precess until it 
is centered in the azimuth gimbal. 

The motor of the roll gyro drives the roll 
erection roller in the roll bail. The roll bail 
is an inverted pendulum which senses the vertical 
because of the earth’s gravitational attraction. 
If the axis of spin of the roll gyro is not verti¬ 
cal, the friction between the roller and the bail 
produces a torque which is applied to the gyro. 
This torque causes the gyro to precess until its 
axis of spin is vertical. The pitch erection 
roller and the pitch bail operate in exactly the 
same manner when the axis of spin of the pitch 
gyro deviates from the vertical. They apply a 
torque to the pitch gyro to make it precess 
until its axis of spin is vertical. 
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As the earth rotates, and as the aircraft 
travels over the earth, the roll and pitch 
gyros would ordinarily appear to precess so 
that their axes of spin would not be vertical. 
The roll and pitch ERC coils exert continu¬ 
ous correcting torques in the from of mag¬ 
netic attraction and repulsion. These torques 
cause the gyros to precess toward the ver¬ 


tical at exactly the same rate as the apparent 
precessions away from the vertical. The 
proper values of ERC currents are fed to the 
coils from the roll and pitch ERC circuits 
in the electronic control amplifier. 

The roll and pitch bails respond to air¬ 
craft accelerations as well as to gravity. 
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To keep the roll and pitch gyros from pro¬ 
cessing away from the vertical during periods 
of excessive accelerations, the bails are dis¬ 
abled at such times by means of the bail 
locks. The roll accelerometer on the roll 
gimbal produces an output signal during any 
acceleration which would affect the roll bail. 
The roll channel of the bail lock amplifier 
increases the amplitude of the roll accelero¬ 
meter signal, and uses it to actuate a cir¬ 
cuit for engaging the roll bail lock. The 
pitch accelerometer on the azimuth-pitch gim¬ 
bal produces an output signal during any 
acceleration which affects the pitch bail. The 
pitch accelerometer signal is fed to the pitch 
channel of the bail lock amplifier, where 
it is used to actuate a circuit for engaging the 
pitch bail lock. 

The two magnetic compass elements 
(lower left-hand corner of fig. 15-27) sense 
the direction of the earth’s magnetic field, 
and supply directional data to the flux-valve 
synchro control transformer on the azimuth- 
pitch gimbal. The shaft of this control trans¬ 
former is positioned by the azimuth gyro 
through the azimuth gimbal. Whenever the 
axis of spin of the azimuth gyro points to 
any direction except magnetic north, the con¬ 
trol transformer produces an error signal. 
The compass tie-in amplifier increases the 
amplitude of the error signal and converts 
it into direct currents, which are fed through 
the azimuth precession coils. Because of 
unequal magnetic attraction between the coils 
and the gyro, a torque is applied to the gyro. 
This torque causes the gyro to precess until 
its axis of spin points to magnetic north. 

Aircraft accelerations act upon the flux- 
valve compass elements in such a manner as 
to cause them to produce erroneous directional 
data. The compass tie-in amplifier is disabled 
(by circuits physically located in the bail lock 
amplifier) during excessive accelerations in 
order to prevent the erroneous data from mak¬ 
ing the azimuth gyro precess away from mag¬ 
netic north. 

When the compass tie-in amplifier is dis¬ 
abled, the rotation of the earth would ordinar¬ 
ily cause an apparent, but not actual, preces¬ 
sion of the azimuth gyro. To correct for the 
apparent precession, an azimuth ERC preces¬ 
sion current is fed through one of the azimuth 
precession coils during the period of the ac¬ 
celeration. The coil then applies a torque to 
the gyro to keep it precessing in a direction 


opposite the apparent precession and at the 
same rate as the apparent precession. The 
proper value of current to produce this rate of 
precession is supplied by the azimuth ERC 
circuit. 


Provisions are also made so that a manual 
precession current can be fed through one pre¬ 
cession coil or the other at any time. When 
the manual function is used, the operator can 
rapidly position the azimuth gyro as desired. 

When centered and erected, the roll and 
pitch gyros establish the horizontal as a refer¬ 
ence plane. With respect to this reference 
plane, the roll and pitch angles of the air¬ 
craft can be measured. The roll synchro 
transmitter on the gyro assembly frame is 
rotated by the roll of the aircraft, and the shaft 
of this synchro is positioned by the roll gimball, 
which is not rotated from the horizontal by the 
roll of the aircraft. The electrical data from 
this synchro represents the degree and direc¬ 
tion of roll of the aircraft and the frame with 
respect to the horizontal. The pitch synchro 
transmitter on the roll gimbal is rotated by the 
pitch of the aircraft, the frame, and the roll 
gimbal. The shaft of this synchro is positioned 
by the pitch and roll gimbal, which is not ro¬ 
tated from the horizontal by the pitch of the 
aircraft. The electrical data from this synchro 
represents the degree and direction of pitch of 
the aircraft, the frame, and the roll gimbal 
with respect to the horizontal. The roll and 
pitch data from the roll and pitch synchro 
transmitters is fed to the radar and optical 
stabilizing drive systems of the antenha and the 
periscope. 


When centered and properly precessed, the 
azimuth gyro establishes the magnetic north 
as the reference direction. With respect to 
this reference direction, the magnetic heading 
of the aircraft can be measured. The azimuth 
synchro transmitter on the azimuth-pitch gim¬ 
bal is rotated when the aircraft changes its 
heading direction. The shaft of this synchro is 
positioned by the azimuth gimbal, which is not 
rotated by changes in the heading direction. 
The electrical data from this synchro repre¬ 
sents the direction the aircraft is headed with 
respect to magnetic north. The magnetic- 
heading is fed to the heading servo and synchro 
unit of the bombing data computer. 
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Figure 15-28. -A combined roll, pitch, 
and heading flight diagram. 


The flight diagram (fig. 15-28) shows the 
aircraft in a combined roll and pitch maneuver 
and illustrates the three angles measured by 
the gyro assembly. The roll and pitch angles 
are measured from the horizontal plane. The 
magnetic heading angle is measured clockwise 
from magnetic north. 

CLEANING AND LUBRICATION 

The gyro assembly is a very delicate mech¬ 
anism and may be easily damaged if proper 
care is not taken to prevent excessive jarring. 
Therefore, when it is removed from the air¬ 
craft for any reason, it should be lifted and 
carried by two men using the two handles pro¬ 
vided. 

NOTE: Once a gyro has been energized, it 
should not be moved until it is completely stopped. 

The working area in which the cleaning op¬ 
erations are performed should be as free from 
dust and moisture as possible. Smoking should 
be prohibited in the area, because ashes could 
be carried into close-fitting mechanical parts 
and cause their malfunctioning. No attempt 
should be made to clean the interior of the gyro 
assembly unless there is evidence of dust or 
dirt. When it is necessary to use a cleaning 
solvent, use only the type specified in the Serv¬ 
ice Instruction Manual. Use as little cleaning 
solvent as possible since too much solvent 
could possibly remove the fine lubricant film 
which would destroy the gyro. When a brush 
is used for cleaning, protect all other parts 
contamination by use of a clean, nonlinting cloth 
as a splash shield. Extreme care must be 


exercised at all times to prevent physical dam¬ 
age to all delicate parts. Unless there is evi¬ 
dence of damping fluid leakage, it is usually not 
necessary to do extensive cleaning in the gyro 
assembly. A thorough removal of loose dust is 
normally sufficient. 

When cleaning the gyro, the technician must 
adhere to the step-by-step procedure as indi¬ 
cated in the Service Instruction Manual. This 
procedure must be performed in the order 
given, omitting steps when the parts involved 
do not require cleaning. 

The gyro assembly should not be lubricated 
in the field, since oil applied to the parts in the 
gyro could possibly cause a malfunction. This 
would result from overoiling and getting oil on 
parts not requiring lubrication. 

An air gun must never be used in the vicinity 
of an open gyro. A vacuum hose is the recom¬ 
mended method of removing any dust or dirt. 


BALANCE ADJUSTMENTS 


In making balance adjustments, an attempt 
is made to cause the gyros to repeat the earth’s 
rotational rate with a specified allowable toler¬ 
ance. To perform these adjustments, special 
test equipment and tools are required and the 
gyro must be removed from the aircraft. 

Since the procedure is quite long and in¬ 
volved, no attempt is made to reproduce it in 
its step-by-step sequence in this course. 
Maintenance personnel must refer to the Serv¬ 
ice Instruction Manual for the proper proce¬ 
dure when attempting any maintenance on equip¬ 
ment requiring such close tolerances. 


OPERATIONAL CHECKS 


The operational performance checks of 
the gyro and its related circuits are actually 
simple and require very little time. Because 
of the complexity of the entire system and 
the need to make specified presettings of 
the various controls and switches, only ex¬ 
perienced personnel who are thoroughly fa¬ 
miliar with the system should perform these 
checks. Such personnel should be able to 
perform the checks without detailed instruc¬ 
tions and in a relatively short period of time. 
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When checking for gyro operation in the system, 
the main points of interest are the erection of 
the gyros in the proper time period (indicated 
by the periscope image rotating toward the sta¬ 
bilized position), manual precession (operation 
observed on the course counter on the computer 
front panel), and magnetic compass control of 
the azimuth gyro (the course counter should 
return to its original position). 

These checks are independent of the more 
exhaustive performance checks contained in the 
Service Instruction Manual, which are per¬ 
formed as a part of regular maintenance pro¬ 
cedures as established by squadron mainte¬ 
nance control. 


COMPASS ALINEMENT 

The on-target mission accomplishment with 
the bomb directing system as described in this 
chapter is dependent on accurate in-flight mag¬ 
netic compass directional reference. To pro¬ 
vide directional reference, as previously men¬ 
tioned, one compass element is installed in each 
wingtip. Actual heading signals from the two 
compass elements are averaged and supplied to 
the gyro subsystem for stabilization of the azi¬ 
muth gyro. Accuracy of the direction signals 
from the compass elements is dependent on two 
factors. These factors are the magnetic north 
reference to the compass case being exact and 
compensation of the compass elements to cor¬ 
rect for deviation induced by iron in the air¬ 
craft. Alinement and compensation of the com¬ 
pass elements to provide heading information 
correct within one-half a degree is possible by 
careful adherence to the alinement procedure. 
The maximum allowable error from actual 
magnetic heading is 1°. 

Essentially, the method of alinement, as 
presented in the Service Instruction Manual, is 
programed as follows: 

1. The establishment of magnetic bearing 
from the center of a compass rose to a nearby 
landmark. 


2. Alinement of the aircraft to simulate 
flight attitude. 

3. Determination of the centerline of the 
aircraft and establishment of a transit on the 
aircraft. 

4. Indexing of the compass element case by 
comparison of compass element reading at var¬ 
ious headings against known headings as deter¬ 
mined by the transit. 

5. Adjustment of the compensators to can¬ 
cel deviation induced by local iron. 

6. Making a final accuracy check and re¬ 
cording the residual error. 

As can be seen, this procedure will require 
several pieces of special test equipment and 
following the prescribed procedure very care¬ 
fully to prevent an unacceptable margin of 
error. Therefore, maintenance personnel must 
refer to the step-by-step instruction as set 
forth in the appropriate manuals. 

WEAPONS ASSOCIATED WITH THE SYSTEM 

The discussion thus far has been limited to 
the operation of a typical bomb director system. 
However, as an Aviation Fire Control Techni¬ 
cian, you should have a general knowledge of 
what type of weapons may be used with the 
system. 

The bomb director set, when installed in a 
heavy attack type aircraft, may be used for ac¬ 
curate release of either conventional bombs, 
mines, or special weapons from high altitude 
and while flying at high speed. The system may 
also be employed under all types of weather 
conditions. 

The ballistic coefficient of the type of bomb 
to be dropped is effectively set into the bomb 
director computer when the bombardier sets the 
correct value of trail, in mils per thousand 
knots, into the computer. Therefore, the char¬ 
acteristics of the weapon is automatically in¬ 
cluded in the solution of the bombing problem. 

Additional information on bombs and mines 
may be found in Naval Airborne Ordnance, Nav- 
Persl0826-B, and Aviation Ordnanceman 3 & 2, 
NavPers 10345-B. 
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CHAPTER 16 


TEST EQUIPMENT 


For effective operation of an aviation fire 
control system, it is imperative that its radar 
set operates at its maximum effectiveness with¬ 
in its designed limits. To accomplish this the 
technician must employ the best maintenance 
techniques and utilize the test equipment to the 
utmost. 

The following discussion on the operation 
and circuitry of various test equipments is de¬ 
signed to aid in furthering knowledge of these 
test equipments and their use in effective main¬ 
tenance of aviation fire control systems. The 
technician should bear in mind that this discus¬ 
sion is not a substitue for the test equipment's 
Operation Instructions or Service Instruction 
Manual, which should be consulted before oper¬ 
ating any type of test equipment. 

RADAR TEST SET AN/UPM-32 

A general description of the Radar Test Set 
AN/UPM-32 and its operation is presented in 
Aviation Fire Control Technician 3 and 2, Nav- 
Pers 10387. In this manual the functional oper¬ 
ation and internal circuits are described in 
greater detail. 

The AN/UPM-32 combines in one test set 
all the functions of a power meter, a frequency 
meter, a spectrum analyzer, a signal genera¬ 
tor, and a general purpose synchroscope. Fig¬ 
ure 16-1 illustrates the AN/UPM-32, indicat¬ 
ing all of its front panel controls. 

The general applications of the test set are 
as follows: 

1. Measurement of power, frequency, spec¬ 
trum, and frequency pulling of conventional and 
multipulsed radar transmitters. 

2. Measurement of sensitivity and band¬ 
width of a radar receiver. 

3. Measurement of the frequency and spec¬ 
trum of a radar-receiver local oscillator. 

4. Adjustment of a radar-receiver local 
oscillator. 

5. Measurement of TR recovery time. 

6. Observation of video signals. 

7. Furnishing pulsed, FM orCW microwave 
signals. 

From the preceding list of applications it 


should be obvious that the AN/UPM-32 is a very 
versatile test set and may be used in place of 
the FM Test Set (TS-147) and Spectrum Ana¬ 
lyzer (TS-148) which have, in the past, had 
widespread usage throughout the fleet in radar 
testing, troubleshooting, and alinement. 

OPERATING CONTROLS AND INDICATORS 

Table 16-1 lists the operating controls and 
indicators used in operation of the AN/UPM-32. 
Column 1 of the table lists the control; column 
2 lists the number as illustrated in figure 16-1; 
and column 3 lists the functions of the control 
indicated. 

FUNCTIONAL OPERATION 

The following paragraphs discuss the func¬ 
tions of the various assemblies in the AN/ 
UPM-32. Details of circuit operation are given 
later in this chapter. 

Microwave Assembly 

The microwave assembly makes possible 
the measurement of the power level and fre¬ 
quency of input and output signals. The as¬ 
sembly consists basically of a block containing 
waveguides and attenuating sections. Within 
the assembly both the klystron signal and RF 
input signals are mixed to obtain a spectrum 
pattern. Signal flow in the assembly depends 
upon the setting of the function selector switch 
(9, fig. 16-1) to the desired mode of operation. 

With the function selector switch on MIXER 
position, energy flow in the assembly is illus¬ 
trated in figure 16-2. The power set attenuator 
adjusts the power level of the klystron signal. 
Because the klystron oscillator is sawtooth 
modulated by the sweep generator circuits, its 
output frequency varies linearly during the saw¬ 
tooth excursion. Therefore, if the frequency 
meter is tuned to a frequency within the range 
covered by the klystron output, a sharp reduc¬ 
tion in power level occurs at this particular 
frequency. This reduction appears as a dip in 
the pattern displayed on the CRT indicator. The 
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1 . 

POWER SET control. 

10. 

SPECTRUM SWEEP 

21. 

Indicator light. 

2. 

PULSE OR GATE WIDTH 


FREQUENCY control. 

22. 

FREQUENCY counter. 


control. 

11. 

Frequency control. 

23. 

OSC FREQUENCY control. 

3. 

DELAY MULTIPLIER 

12. 

RF connection. 

24. 

ATTENUATION switch. 


control. 

13. 

ON-OFF switch. 

25. 

REFLECTOR control. 

4. 

DELAY and SWEEP 

14. 

115 VAC connector. 

26. 

METER BALANCE control. 


LENGTH switch. 

15. 

SIGNAL connector. 

27. 

Power meter. 

5. 

Cathode-ray tube. 

16. 

SIGNAL switch. 

28. 

AS TIG control. 

6. 

VERT CENTER control. 

17. 

TRIGGER IN connector. 

29. 

MODE GAIN control. 

7. 

SIGNAL GAIN control. 

18. 

EXT MOD connector. 

30. 

FOCUS control. 

8. 

SIGNAL WIDTH control. 

19. 

TRIGGER switch. 

31. 

INTENSITY control. 

9. 

Function selector switch. 

20. 

DBM control. 




Figure 16-1. -Radar Test Set AN/UPM-32, Front panel controls. 
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Table 16-1—Operating controls and indicators of AN/UPM-32 (fig. 16-1). 


Control 

Number 

Function 

115 VAC connection. 

14 

Provides connection for line power to test set. 

ON-OFF switch. 

13 

OFF position: Deenergizes circuits. 



ON position: Energizes circuits. 

ATTENUATION switch. 

24 

HI position: Sets range of DBM control to HI scale. 



LO position: Sets range of DBM control to LO scale. 

DBM control. 

20 

Adjusts attenuation of input or output microwave signals. 
Calibrated in dbm. 

Function selector 
switch. 

9 

MIXER position: Enables observation of mode pattern of 
test set klystron oscillator. 



NORMAL position: Enables observation of frequency spec¬ 
trum of external RF pulse. 



GATED position: Enables observation of frequency spec¬ 
trum of single external RF pulse from a multipulsed 
radar system. 



GATE ADJ position: Enables selection of a single pulse 
from a pulse train for preceding GATED position. 



PWR-FREQ METER position: Enables measurement of 
power and frequency of external RF signals. Also en¬ 
ables use of test set as synchroscope. 



PULSE MOD position: Enables operation as an RF pulse - 
modulated signal generator. 



FREQ MOD position: Enables operation as an RF fre¬ 
quency-modulated signal generator. 



EXT MOD position: Enables operation as an RF signal 
generator whose modulation is determined by an external 
signal. If no external modulation is applied, the test set 
operates as a CW signal generator. 

RF connection. 

12 

Provides connection for incoming or outgoing RF signals. 

METER BALANCE 
control. 

26 

Zeros power meter. 

Power meter. 

27 

Monitors standard power reference level (1 milliwatt). 

FREQUENCY counter. 

22 

Indicates resonant frequency (in megacycles) to which fre¬ 
quency-meter cavity is tuned. 
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Table 16-1—Operating controls and indicators of AN/UPM-32 (fig. 16-1)—Continued. 


Control 

Number 

Function 

Frequency control. 

11 

Changes resonant frequency of meter cavity. 

SIGNAL WIDTH control. 

8 

MIN position: Minimum pattern width on cathode-ray tube. 

CW position: Maximum pattern width on cathode-ray tube. 

POWER SET control. 

1 

Sets output power of test set klystron oscillator. Maximum 
power is obtained with control set fully clockwise. 

SIGNAL GAIN control. 

7 

Sets vertical deflection sensitivity of cathode-ray tube. 

REFLECTOR control. 

25 

Function selector switch in MIXER position: Shifts klystron 
oscillator mode horizontally on cathode-ray tube. 

Function selector switch in NORMAL or GATED positions: 
Shifts spectrum pattern horizontally on cathode-ray tube. 

Function selector switch in FREQ MOD position: Shifts 
radar receiver bandpass curve horizontally on cathode- 
ray tube. 

Function selector switch in EXT MOD position: Adjusts 
klystron oscillator for maximum power output at a par¬ 
ticular frequency. 

VERT CENTER control. 

6 

Sets the vertical position of the trace on the cathode-ray 
tube. 

OSC FREQUENCY 
control. 

23 

Sets output frequency of test set klystron oscillator. 

TRIGGER IN connector. 

17 

Provides connection for incoming video triggers. 

TRIGGER switch. 

19 

RF position: Connects detected signal, from RF connection, 
to sweep and pulse-generator circuits. 

EXT position: Connects external video pulse, applied to 
TRIGGER IN connector, to sweep and pulse generator 
circuits. 

Cathode-ray tube. 

5 

Presents (visually) output signals from test set IF ampli¬ 
fier, video amplifier, RF mixer, and gating circuit. 

SIGNAL connector. 

15 

Provides connection for incoming video signals. 

SIGNAL switch. 

16 

INT position: Connects output of RF mixer to video ampli¬ 
fiers. 
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Table 16-1—Operating controls and indicators of AN/UPM-32 (fig. 16-1)—Continued. 


Control 

Number 

Function 

SIGNAL switch- 
Continued. 

16 

XI, X10, or X100 positions: Connects external video sig¬ 
nals, applied to SIGNAL connector, to video amplifiers. 
The signals are attenuated by 0, 10 to 1, and 100 to 1, 
respectively. 

DELAY and SWEEP 
LENGTH switch. 

4 

Function selector switch in GATE ADJ, PWR-FREQ 

METER, PULSE MOD, FREQ MOD, and EXT MOD posi¬ 
tions: Sets sweep length on cathode-ray tube. In addi¬ 
tion, with the function selector switch in GATED and 
GATE ADJ positions: Sets gate delay in conjunction with 
DELAY MULTIPLIER control; and with the function se¬ 
lector switch in PULSE MOD position: Sets pulse delay 
in conjunction with DELAY MULTIPLIER control. 

DELAY MULTIPLIER 
control. 

3 

Function selector switch in GATED, GATE ADJ, or PULSE 
MOD positions: Multiplies gate or pulse delay setting on 
DELAY and SWEEP LENGTH switch. 

SPECTRUM SWEEP 
FREQUENCY control. 

10 

Function selector switch in NORMAL or GATED positions: 
Sets frequency of spectrum sweep generator for best 
spectrum pattern on cathode-ray tube. 

PULSE OR GATE 

WIDTH control. 

2 

Function selector switch in GATED or GATE ADJ posi¬ 
tions: Varies width of gating pulse. 



Function selector switch in PULSE MOD position: Varies 
width of modulating pulse. 

EXT MOD connector. 

18 

Function selector switch in EXT MOD position: Provides 
connection for external modulating signals. 

Indicator light. 

21 

Lamp glows (to indicate that test circuits are energized) 
and illuminates DBM dial. 

MODE GAIN control. ' 

29 

Adjusts amplitude of differentiated mode pattern with func¬ 
tion switch in normal position. 

ASTIG control. 

28 

Adjusted in conjunction with focus and intensity controls 
for best defined trace. 

FOCUS control. 

30 

Adjusted in conjunction with astigmatism and intensity con¬ 
trols for best defined trace. 

INTENSITY control. 

31 

Adjusted in conjunction with focus and astigmatism controls 
for best defined trace. 
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-Energy flow in microwave assembly, function selector switch at MIXER position. 


Figure 16-2. 

frequency of the klystron may then be read di¬ 
rectly (in megahertz) from the frequency meter 
Z304. 

With the function selector switch in the NOR¬ 
MAL or GATED position, two signals are pres¬ 
ent in the microwave assembly. (See fig. 
16-3.) The klystron signal and the transmitter 
signal are mixed in the mixer crystal which 
produces heterodyne frequencies. The 45- 
megaHertz (MHz) component appearing during 
each radar output pulse passes through a tuned 
filter network to the IF amplifier stages. Be¬ 
cause of the linear sawtooth modulation applied 
to the klystron, the klystron signal beats with a 
different frequency component of the radar out¬ 
put during each transmitted pulse interval to 
produce this 45-MHz beat frequency. Hence, 
the amplitude of each 45-MHz pulse is a meas¬ 
ure of the power contained in the particular 
magnetron frequency component producing it. 
The magnetron spectrum is thus produced and 
appears on the CTR indicator. The importance 
of this presentation lies in the fact that with it 
a radar transmitter can be tuned to give a 
spectrum in which the greatest possible portion 
of the high power frequency components falls 
within the pass band of the radar receiver. 


When the function selector switch is placed 
in the PWR-FREQ METER position, the radar 
transmitter power is fedthrough the microwave 
assembly (figure 16-4). The RF switch is 
closed, hence there is no power division at the 
T junction nor can any klystron power reach the 
thermistor mount. This permits measurement 
of the power level of the incoming signal. The 
step attenuator should be at its minimum (LO) 
position. 

For the PULSE MOD, FREQ MOD and EXT 
MOD positions of the function selector switch, 
signal flow is shown in figure 16-5. The power 
level of the klystron RF signal is set by the 
power set attenuator. The frequency of the 
signal is indicated by the frequency meter which 
is used in conjunction with either the power 
level indicating meter or the synchroscope pat¬ 
tern on the CRT. Since there is an equal divi¬ 
sion of power in the T junction following the RF 
switch, the reading of the power level bridge 
meter, as modified by the DBM attenuator dial 
reading, gives an accurate indication of the 
power level of the test set output signal. The 
signal reaching the mixer crystal is detected, 
and the modulation waveform (signal) can be 
viewed on the CRT by setting the signal switch 
at INT (16, fig. 16-1) if desired. 
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Figure 16-3.-Energy flow in microwave assembly, function selector switch 

at NORMAL or GATED. 


Trigger-Detector Assembly 

The trigger-detector assembly (Z303, fig. 
16-5) consists of a removable mount attached to 
the rectangular waveguide section at the input 
of the microwave assembly. The mount con¬ 
tains a crystal rectifier element (CR302) and 
functions as a fixed-tuned detecting section. 
Isolation from the main waveguide is provided 
by an iris which attenuates the energy from the 
main waveguide about 35 db to protect the 
crystal from burnout. 

DBM Attenuator 

The DBM attenuator consists of a rectangu¬ 
lar glass vane coated with a resistive material. 
The vane is mounted inside the waveguide paral¬ 
lel to the narrow wall, and its position is con¬ 
tinuously adjustable by the DBM control (20, 
fig. 16-1) from the narrow wall toward the cen¬ 
ter of the waveguide. The maximum attenuation 
introduced by the vane (near the center) is ap¬ 
proximately 50 db. The calibration of the DMB 
dial accounts for this attenuation and the known 
losses in the microwave block. 


Step attenuator 

The step attenuator is constructed in the 
same fashion as the DBM attenuator. The step 
attenuator is controlled by the ATTENUATION 
switch (24, fig. 16-1^ which has two settings, 
HI and LO. In the HI position, the vane is near 
the waveguide center; and in the LO position, it 
is adjacent to the narrow wall. For the HI po¬ 
sition of the switch, the step attenuator intro¬ 
duces about 50 db of attenuation in the waveguide 
run. 

RF Switch 

The RF switch consists of a cylindrical ele¬ 
ment which closes off the waveguide leading to 
the klystron when the function selector switch 
is on the PWR-FREQ METER position. The 
axis of the switching device is parallel to the 
broad walls of the waveguide. The device has a 
rectangular hole through it, which lines up with 
the waveguide for the open position and rotates 
through a quarter turn to close off the waveguide 
run to the klystron. A metallic window which 
projects part way across the guide opening 
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Figure 16-4. -Energy flow in microwave assembly, function selector switch 
at PWR-FREQ METER position. 


inside the device serves as an impedance match¬ 
ing device for the waveguide T. 

RF Oscillator 

The microwave oscillator tube (V301) used 
in the test set is a reflect klystron which oper¬ 
ates on the principle of velocity modulation. 
The klystron may be tuned either mechanically 
by varying the volume of the resonator cavity 
or electrically by varying the reflector (repel- 
ler) plate voltage. Mechanical timing is accom¬ 
plished from the top of the klystron by the OSC 
FREQUENCY control (23, fig. 16-1). Electri¬ 
cal tuning is accomplished by the modulation 
sawtooth from the modulation sweep generator 
circuits and by the reflector control (25, fig. 
16-1). NOTE: A detailed discussion of the 
construction and operation of the reflex klystron 
was given in chapter 7 of this manual. 

Power Set Attenuator 

The power set attenuator consists of a small 
rectangular glass vane coated with a resistive 


material. The adjustment of the vane position 
within the waveguide is continuous, but the as¬ 
sembly is not calibrated. For the maximum 
attenuation position near the waveguide center, 
the attenuator decreases the level of the klys¬ 
tron output signal by 20 to 25 db. 

Frequency Meter 

The frequency meter (Z304) consists of a 
circular high-Q cavity with a movable concen¬ 
tric tuning plunger. The frequency meter is 
fitted into the microwave assembly and coupled 
to the waveguide by means of a circular iris, 
and the entire assembly is hermetically sealed. 
The tuning plunger mechanism is geared to the 
frequency counter which indicates the resonant 
frequency of the cavity in megaHertz (MHz). 

Thermistor Mount Assembly 

The thermistor mount assembly (Z306) com¬ 
prises a short waveguide section terminated in 
a housing which contains a thermistor bead. 
The bead is sensitive to microwave energy, and 
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Figure 16-5. -Energy flow in microwave assembly, function selector switch 
at PULSE MOD, FREQ MOD, or EXT MOD position. 


its resistance changes in proportion to the level 
of energy in the waveguide. The assembly is 
mounted to the microwave section and fixed- 
tuned at the factory. A cylindrical subassembly 
is located on one side of the thermistor mount 
assembly to hold a disk thermistor. This ther¬ 
mistor has a negative temperature coefficient 
of resistance. The resistance changes in the 
disk thermistor compensate the power level 
bridge circuit for the effects that changes in the 
ambient temperature produce in the resistance 
of the thermistor head. 

Mixer Assembly 

The mixer assembly (Z305) is similar in 
construction to the triggerdetector assembly 
(Z303), and it contains the same type crystal 
cartridge. When the function selector is on the 
MIXER, PWR-FREQ METER, GATE ADJ, 
PULSE MOD, EXT MOD, or FREQ MOD posi¬ 
tion, the mixer crystal acts as a simple RF de¬ 
tector. For operation in the NORMAL and 
GATED positions of the function selector 
switch, the radar transmitter signal and the 


klystron signal are both present, and the output 
of the mixer contains beat frequencies because 
of the nonlinear detection characteristic of the 
crystal. The mixer assembly also contains a 
3-db isolation pad which is adjusted when in¬ 
stalled and must not be disturbed by the field 
maintenance technician. 


ELECTRONIC CIRCUITS 


The following discussion describes the elec¬ 
tronic circuits of the test set. The circuits are 
grouped according to their particular functions. 
For coherence the circuit groups are described 
with reference to the simplified block diagram 
of figure 16-6. The actual circuit analysis by 
schematic diagrams is beyond the scope of this 
manual. However, with an understanding of the 
general circuit description which follows, the 
technician should have little trouble in under¬ 
standing the actual detailed circuitry analysis 
as described in the Service Instruction Manual 
for the equipment. 
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Figure 16-6. -Radar Test Set AN/UPM-32, simplified block diagram. 


AQ. 324 


Signal Circuits 

The signal circuits comprise the IF ampli¬ 
fier assembly, mode amplifier, vertical ampli¬ 
fier, video amplifiers, and the associated video 
input attenuators. For the MIXER position of 
the function selector switch, the frequency mod¬ 
ulated klystron oscillator signal is detected by 
the crystal in the mixer assembly (located in 
the microwave block assembly) and fed through 
relay K402 to the filter circuit located in the IF 
amplifier assembly. Since there is no 45-MHz 
component in the signal, the output of the filter 
circuit consists of the envelope of the detected 
signal which is fed to the mode amplifier. The 
amplified signal (mode pattern) is then fed 
through relay K101A to the vertical deflection 
plates of the CRT. 

For the NORMAL and GATED positions of 
the function selector switch, the output of the 
mixer crystal is applied to the filter circuit as 
before. If a radar transmitter signal, is applied 
to the RF input, the resulting 45-MHz beat sig¬ 
nal is amplified through the two 45-MHz IF am¬ 
plifiers and mixed in the mixer (located in the 
IF amplifier assembly) with a 36. 8 MHz local 
oscillator signal produced by a mode oscillator. 
The resultant 8. 2-MHz signal is amplified, de¬ 
tected, and applied to the vertical amplifier. 


The input to the vertical amplifier now consists 
of two signals—a differentiated output of the 
mode amplifier and the detected IF signal. The 
abrupt changes in the mode waveform, such as 
the beginning and the end of the curve and the 
pip caused by the frequency meter (if it is tuned 
to a frequency within the range swept by the 
klyston oscillator), are retained by the differ- 
entation. Both the detected IF signal and the 
differentiated mode signal pass through the 
vertical amplifier and through relay K101A to 
the vertical deflection plate of the cathode-ray 
tube. Figure 16-7 illustrates the pattern dis¬ 
played on the CRT indicator with the function 
selector switch in the MIXER and NORMAL or 
GATED positions. 

In the PWR-FREQ METER position of the 
function selector switch or in the PULSE MOD, 
FREQ MOD, or EXT MOD positions, either in¬ 
ternal or external video signals can be applied 
to the video amplifiers for observation on the 
synchroscope. (See table 16-2.) The internal 
signal consists of the detected radar transmit¬ 
ter pulse envelope which is taken from the 
mixer crystal and applied through relay K402, 
and through signal switch S302 to the video am¬ 
plifier. For the observation of an external vid¬ 
eo signal, connection is made to the signal 
connector and the signal switch thrown to EXT. 
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Figure 16-7. -Display patterns of the CRT. (A) MIXER position; (B) NORMAL 

or GATED position. 


Depending on the setting of signal switch S302, 
the video signal is either fed directly or atten¬ 
uated as desired before being applied to the 
video amplifier. The video amplifier stages 
drive the vertical deflection circuit of the CRT 
for the synchroscope video display. 

Trigger Amplification and 
Horizontal Deflection Circuits 

The trigger amplifier stage is used to am¬ 
plify the input triggers which are used to syn¬ 
chronize the synchroscope sweep generator for 
the cathode-ray tube trace. The sweep gener¬ 
ator may be triggered either externally or in¬ 
ternally, depending on the position of the trig¬ 
ger switch S303. On EXT, the trigger may be 


taken from an outside source and applied to the 
trigger amplifier for starting the sweep gener¬ 
ator. On RF, the trigger originates at the 
trigger detector assembly, located in the mi¬ 
crowave block assembly, and is fed through the 
trigger switch to the trigger amplifier for 
starting the sweep. 

For the MIXER, NORMAL, and GATED po¬ 
sitions of the function selector switch, the 
source of the horizontal deflection voltage is 
the free-running spectrum sweep generator. 
The sweep generator is synchronized at line 
frequency or subharmonics of it by an a-c vol¬ 
tage from the power supply. The output of the 
spectrum sweep generator (a sawtooth voltage) 
is fed to the horizontal amplifier. The horizon¬ 
tal amplifier drives the horizontal plates of the 
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Table 16-2.— AN/UPM-32 presentations. 


Function 

Signal switch 
position 

Scope vertical presentation 

MIXER 

INT 

Klystron RF envelope. 

MIXER 

EXT 

Do. 

NORMAL 

INT 

Spectra plus differentiated RF envelope. 

NORMAL 

EXT 

Do. 

GATED 

INT 

Gated spectra plus differentiated klystron RF envelope. 

GATED 

EXT 

Do. 

GATE ADJ 

INT 

Envelope of RF input plus internal video gate. 

GATE ADJ 

EXT 

Internal video gate plus external video. 

PWR-FREQ METER 

INT 

Envelope of RF input. 

PWR-FREQ METER 

EXT 

External video. 

PULSE MOD 

INT 

Envelope of RF input plus RF output. 

PULSE MOD 

EXT 

External video. 

FREQ MOD 

INT 

Envelope of RF input plus RF output. 

FREQ MOD 

EXT 

External video. 

EXT MOD 

INT 

Envelope of RF input plus RF output. 

EXT MOD 

EXT 

External video. 


NOTE: The frequency meter can cause a dip or reduction of power on any of the above internal or 
external RF derived waveforms if tuned to the proper frequency. 


cathode-ray tube through a push-pull arrange¬ 
ment. 

For the GATE ADJUST position of the 
function selector switch, the horizontal deflec¬ 
tion voltage originates in the synchroscope 
sweep generator. Through the synchroscope 
sweep generator can be triggered by the de¬ 
tected transmitter pulses from the trigger de¬ 
tector, the generator is normally triggered by 
an externally applied trigger to permit obser¬ 
vation of all the detected radar transmitter 


pulses on the CRT indicator. The sweep vol¬ 
tage is taken from the generator to the horizon¬ 
tal amplifier and then applied to the horizontal 
deflection plates. 

For the PWR-FREQ METER, PULSE MOD, 
FREQ MOD, and EXT MOD positions of the 
function selector switch, the synchroscope 
sweep generator is again used as a source of 
horizontal deflection voltage. However, the 
sweep generator is triggered by either the first 
detected RF pulse from the trigger detector or 
by an external trigger as desired. 
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Blanking and Intensifying Circuit 

For the MIXER , NORMAL, and GATED 
positions of the function selector switch, the 
output from the spectrum sweep generator is 
differentiated and fed to the blanking and inten¬ 
sifying circuits as a blanking signal. The 
output of the vertical amplifier is also fed to 
the blanking and intensifying circuits as an in¬ 
tensifying signal. The signal output is fed 
through relay K101A to the control grid of the 
cathode-ray tube and is used to blank the screen 
during flyback time and to intensify during 
sweep time. For synchroscope operation, how¬ 
ever, an unblanking signal is taken from the 
synchroscope sweep generator circuits and fed 
through relay K101A to the CRT control grid 
for intensifying the sweep. 

Pulse Generator Assembly Circuits 

The pulse generator circuits consists of the 
trigger delay circuits and the pulse modulator 
circuits. The function of the delay circuit is to 
control and adjust the starting point of the gat¬ 
ing waveform applied to the IF amplifier. With 
the function selector switch in the GATE ADJ 
position, it permits centering of the gating 
pulse over the desired radar transmitter pulse. 
When the function selector switch is then 
switched to the GATED position, only the spec¬ 
trum of the chosen radar transmitter pulse is 
displayed. 

For the PULSE MOD position of the function 
selector switch, a negative pulse is taken from 
the pulse modulator circuits and applied to the 
klystron reflector. Then, once for each applied 
trigger, the klystron is driven into oscillation 
for the duration of the pulse. 

Klystron Modulation Circuits 

The test set klystron oscillator, located 
physically in the microwave block assembly, 
operates as a CW signal depending on the posi¬ 
tion of the function selection switch and the type 
of operation desired. For the MIXER, NOR¬ 
MAL, and GATED positions, the klystron is 
frequency modulated by a sawtooth voltage from 
the spectrum sweep generator. For the PULSE 
MOD position of the function selector switch, 
the klystron is pulse modulated by the pulse 
generator assembly as previously discussed. 
For the FREQ MOD position, the klystron is 
switched by relay action to the output of the 
synchroscope sweep generator. The signal 


consists of an exponential charging waveform, 
and its repetition rate depends upon that of the 
trigger applied to the synchroscope sweep gen¬ 
erator. For the EXT MOD position, the EXT 
MOD connector is switched by relay action di¬ 
rectly to the klystron for an external modula¬ 
tion signal input. 

Power Supply Circuit 

The power supply consists of four separate 
circuits for d-c supply voltages in addition to 
the a-c filament supply. They are all fed from 
a common power transformer located in the 
power supply assembly. 

The high voltage supply delivers a negative 
1, 500 volts, unregulated, to the CRT for an ac¬ 
celerating voltage. 

The plate and screen supply voltages are 
taken from a regulated circuit which has four 
output voltage levels. The primary output, +300 
volts, is supplied to the pulse generator, the 
klystron oscillator, and to the various circuits. 
A +500-volt output is used for feeding the pulse 
generator and power level bridge circuits. An¬ 
other +150-volt output is fed to the IF amplifier 
section. A fourth output of +105 volts supplies 
the screen grid circuits of the IF amplifiers. 

Biasing voltages are taken from a separate 
regulated supply. The negative 205-volt output 
is the main bias voltage used throughout the 
test set. A separate negative 87-volt output is 
used for the vertical amplifier and spectrum 
sweep generator biasing voltages. 

The fourth d-c supply circuit consists of a 
full wave rectifier bridge circuit which pro¬ 
duces a +28-volt d-c supply. This circuit sup¬ 
plies 28 volts d.c. for energizing the relays in 
the test set and energizing the motor which 
opens and closes the RF switch in the wave¬ 
guide. 

THEORY AND ANALYSIS 
OF A SPECTRUM 

Prior to a discussion on the alinement and 
maintenance of the AN/UPM-32 and for abetter 
understanding of the test set in general, a brief 
discussion on the basic principles, application, 
and practical value of a spectrum analysis is 
given in the following paragraphs. 

Basic Principles 

In conventional circuit theory, any repeti¬ 
tive waveform can be analyzed by the use of 
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Figure 16-8. - Formation of a spectrum. 
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Fourier equations. This type of analysis shows 
that a square wave, or any other nonsinusoidal 
repetitive wave, consists of a fundamental sine 
wave plus an infinite number of harmonics. The 
pulsed output of a radar transmitter can be 
treated in the same manner. 

The process of modulation inherently pro¬ 
duces frequencies other than the modulated or 
modulating frequencies themselves. When the 
frequencies resulting from a modulation proc¬ 
ess are plotted on a horizontal scale and the 
energy distribution among these frequencies is 
plotted on a vertical scale, the result is a fre¬ 
quency power plot, more commonly known as a 
spectrum. Figure 16-8 (D) illustrates the spec¬ 
trum resulting when a fundamental frequency F 
is modulated by arbitrarily chosen frequencies 
F^ and Fg. Actually there are an infinite num¬ 


ber of frequencies present even in the simple 
modulation of one sine wave by another, but the 
amplitudes of the higher order harmonics are 
negligible. 

If the fundamental frequency F (fig. 16- 
8(A)) is modulated by F^, the resultant wave¬ 
form will appear as illustrated in figure 16- 
8(B). In the spectrum pattern (fig. 16-8 (D)), 
the modulation by F^ causes two other fre¬ 
quencies to appear, F + Fj^ and F - Fj, 
respectively. 

Figure 16-8 (C) shows the effect of modu¬ 
lating the fundamental frequency F with a fre¬ 
quency F 2 which is twice the frequency of F^. 

The result is the appearance of two new fre¬ 
quencies in the spectrum which are indicated 
as F + F g and F - F . 
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Figure 16-9. -Conversion of a voltage spectrum to a power spectrum. 


Application of Principles 
to a Pulsed Oscillator 

Although the duration of a pulse is extremely 
small compared to the repetition rate in a typi¬ 
cal radar system, the output can be visualized 
for purposes of analysis as a continuous wave 
of RF energy which is periodically interrupted. 
This in effect is the same as taking the contin¬ 
uous RF wave and modulating it with a repeti¬ 
tive rectangular pulse. Since the pulse itself 
contains an infinite number of harmonics of its 
own repetition frequency, each of these har¬ 
monic frequencies and the repetition frequency 
modulate the continuous wave. Hence, a spec¬ 
trum evolves in the manner explained in the 
preceding discussion except that there are an 
infinite number of sideband components. 

Figure 16-9 (A) illustrates a theoretical 
voltage spectrum of a pulsed oscillator. Though 
not shown, an infinite number of negligibly 
small sideband components extend from either 
side of the limits of the diagram. Any two ad¬ 
jacent sideband components are separated by a 
distance on the frequency scale which is equal 


to the repetition rate of the rectangular pulses 
(fig. 16-9 (B)), because each component bears 
a harmonic relationship to the repetition 
frequency. 

Neither of the voltage spectra shown in fig¬ 
ure 16-9 (A) and (C) is actually seen on the test 
set scope because of a square-law detector 
incorporated in the test instrument. This de¬ 
tector converts the voltage into the power spec¬ 
trum illustrated in figure 16-9 (D). 


Practical Value of Analysis 

With a knowledge of how a spectrum is 
formed and what it indicates, a visual examina¬ 
tion of a radar spectrum is valuable in the fol¬ 
lowing three general ways: 

1. In checking for stability of a magnetron. 

2. In tuning a radar system so that most of 
the output power is within the frequency range 
of the receiver bandpass response. 

3. In analyzing radar system outputs to de¬ 
termine causes of poor spectra. 
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It is important to note that the shape of the 
spectrum of a pulsed signal depends chiefly 
upon the following two characteristics of the 
signal: 

1. The modulation envelope of the pulse. 

2. The shifting of the oscillator frequency 
during the pulse. 

In general, the following statements apply 
in the analysis of a spectrum: 

1. The ideal spectrum is achieved when the 
pulse is truly rectangular and there is no fre¬ 
quency modulation. 

2. The distance between the first two mini¬ 
ma of an ideal spectrum is a measure of the 
pulse width of the signal. 

3. The distance between the first two mini¬ 
ma should not be much greater than the re¬ 
ceiver bandwidth, because by far the greatest 
amount of power is in the center lobe of an 
ideal spectrum. 

4. An effect of frequency modulation is to 
increase the amplitude of the side lobes. 

5. A large number of side lobes indicates 
the presence of amplitude modulation. 

6. A spectrum without deep minimum points 
adjacent to the main lobe indicates the presence 
of frequency modulation. 

7. If the spectrum has two peaks, the mag¬ 
netron is operating in two modes or else is be¬ 
ing pulled in frequency by some external force, 
such as a poorly matched rotating scanner or 
fluctuating voltages. 

8. The frequency difference between two 
peaks indicates the amount of frequency pulling. 
The height indicates the relative power at the 
frequency of each peak. 

OPERATING THE TEST SET 

Complete operating instructions for the 
AN/UPM-32 are given in the Service Instruc¬ 
tion Manual, and several checkout procedures 
have been written for various radar sets which 
describe the use of the test set on particular 
radars. Accordingly, a complete procedure 
will not be included here; instead, a few tricks- 
of-the-trade will be given to help the technician 
avoid crystal damage and obtain the best view 
of the transmitter spectrum. 

Any technician can learn to operate this 
test set without following a written procedure 
every time if he will spend a few hours famil¬ 
iarizing himself with the test set and its opera¬ 


tion. In fact, this should be a goal for every 
technician. 

Preventing Crystal Damage 

To prevent damaging the mixer crystal, 
always adjust the POWER SET knob with the 
function switch in the EXT MOD position using 
the following procedure: 

1. Balance the meter with the function 
switch in the PWR-FREQ METER position. 

2. Turn the function switch to the EXT MOD 
position and adjust the REFLECTOR control 
for a peak reading on the meter. 

3. Adjust the POWER SET control for a 
SET POWER reading on the meter. 

CAUTION: Never move the POWER SET 
control from this position except for slight 
touchup adjustments when calibrating the test 
set. 

It is important to remember that the RE¬ 
FLECTOR control must be adjusted for a peak 
meter reading before turning the POWER SET 
knob too far (more than 5 or 6 turns clockwise) 
to obtain the SET POWER reading on the meter. 
It is possible to set the REFLECTOR control so 
that the klystron will not oscillate. Of course, 
the POWER SET control can then be turned 
fully clockwise without obtaining a reading on 
the meter; however, if the REFLECTOR con¬ 
trol is then turned slightly, it will cause the 
meter to peg and probably burn out the mixer 
crystal. 

Viewing a Radar 
Transmitter Spectrum 

When making the final control setting on this 
test set for viewing a radar transmitter spec¬ 
trum, the technician should keep in mind that 
the best possible picture of the spectrum will 
always be obtained when the SPECTRUM SWEEP 
FREQUENCY control is fully counterclockwise 
(or very nearly so) and the SIGNAL WIDTH 
control is nearly maximum (approximately 1/8 
turn from full clockwise). 

MAINTENANCE 

The information presented in this section is 
intended to aid the Aviation Fire Control Tech¬ 
nician in the prevention and correction of trou¬ 
bles in Radar Test Set AN/UPM-32. 
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A thorough knowledge of the material cov¬ 
ered thus far, as to physical makeup, charac¬ 
teristics, capabilities, limitations, and general 
theory of operation, will greatly facilitate 
maintenance procedures. 

The technician should bear in mind that the 
operation of this equipment involves high 
voltages which are dangerous to life. Mainte¬ 
nance personnel must observe safety regula¬ 
tions at all times. 

No maintenance should be attempted on the 
equipment without the test set f s Service In¬ 
struction Manual for ready reference. Section 
V of this manual lists in table form the mini¬ 
mum performance standards of the test set. It 
includes the purpose of the check, procedure, 
normal indications, and a list of possible 
causes of abnormal indications. Section V of 
the Service Instruction Manual also lists a 
step-by-step procedure for isolation of a trou¬ 
ble to a faulty circuit, group of circuits, or 
part. A system of symbols is used in the check 
charts for indicating in the equipment where 
test connections are made for measuring or 
observing electrical data. The symbols are 
divided into three classes-major, secondary, 
and minor test points. The major test points 
are assigned to critical points in circuits, in¬ 
terconnecting assemblies, and input/output 
connections. These points are used to localize 
a trouble to a particular assembly or group. 
Secondary test points are generally assigned to 
critical points between circuits within an as¬ 
sembly. These points are used in localizing 
trouble to a particular circuit of the assembly. 
Minor test points are assigned to points within 
circuits bracketed by secondary test points. 
These are used to isolate the trouble to a par¬ 
ticular stage of the circuit. 

Section V of the Service Instruction Manual 
also lists in detail the removal and replacement 
instructions for assemblies, subassemblies, 
and parts which might be found faulty in the 
performance and trouble analysis checks. It 
lists the step-by-step procedure for minor re¬ 
pairs and adjustments necessary after the re¬ 
placement of parts for the test set to meet the 
minimum performance standards. 

ALINEMENT 

The complete procedures for alinement and 
adjustment of the test set are contained in sec¬ 
tion VI of the Service Instruction Manual. The 
control or adjustments described in the manual 
need only be checked occasionally or whenever 


a tube or detail part is replaced in the circuitry 
directly associated with any given control. 

Section VI lists the detailed procedures for 
alining the following units: 

1. IF amplifier assembly. 

2. Video amplifiers. 

3. Pulse generator assembly. 

It also lists in table form a complete sched¬ 
ule for maintenance inspections, listing the 
item to be checked, inspection required, and 
the time interval between inspections. (NOTE: 
The test set should be turned in to the activity’s 
overhaul center after each 2,000 hours of op¬ 
erating time.) 

Another important maintenance aid included 
in section VI is the description of bench test 
setups utilizing the test set. It includes cabling 
details for interconnecting the test set and the 
test equipment used in the minimum perform¬ 
ance procedures discussed previously. 

Section VII of the Service Instruction Manual 
consists of information and diagrams used in 
both maintenance and alinement. The diagrams 
will be especially useful in conjunction with the 
trouble analysis charts. All the test points 
noted in the trouble analysis charts are indi¬ 
cated on the schematic diagrams in this sec¬ 
tion. Also contained in section VII is a com¬ 
plete set of waveform diagrams (photographs) 
which appear at the various designated test 
points. 

TROUBLESHOOTING 

FoUowing are some failures which have oc¬ 
curred in the AN/UPM-32 test set. The symp¬ 
toms and the methods of isolating the trouble 
are described. Of course, this is not a com¬ 
plete list of troubles that have occurred, but 
these particular failures are the ones most 
likely to be encountered. 

There is no intent here to imply that the 
test set is unreliable; experienced technicians 
have proven that it is reliable when operated 
properly. However, it is a characteristic of 
the AN/UPM-32 test set that mixer crystal can 
be damaged by improper manipulation of the 
test set controls. Consequently, this is the 
most common failure. 

Failure of the Mixer Crystal 

Failure of the mixer crystal is indicated by 
an absence of the bell pattern on the scope when 
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the function switch is in the MIXER position 
and the SIGNAL WIDTH control is in the MIN 
position (fully counterclockwise). 

In performing the isolation procedure, the 
technician should check that a SET POWER 
reading can be obtained with the function switch 
in the EXT MOD position by manipulating the 
REFLECTOR knob and POWER SET knob. If a 
SET POWER reading can be obtained, the 
klystron oscillator is all right and the trouble 
is most likely the mixer crystal. 

Failure of the RF Switch 

RF switch failure is indicated by inability to 
balance the meter. That is, the METER BAL¬ 
ANCE control cannot be adjusted for a ZERO 
SET reading, or the ZERO SET reading will 
not hold while calibrating the test set to make a 
receiver sensitivity check. 

In performing the isolation procedure, place 
the function switch in the PWR-FREQ METER 
position and rotate the REFLECTOR control 
back and forth between its limits. If the meter 
needle moves, the RF switch is not operating 
properly. For this check, make sure that the 
POWER SET knob is set approximately 6 turns 
clockwise and the SIGNAL WIDTH control is 
fully clockwise for maximum signal width. 
This failure cannot be repaired at the squadron 
level. 

Failure of the Klystron Oscillator 

Klystron oscillator failure is indicated by 
an absence of the bell pattern on the scope when 
the function switch is in the MIXER position 
and the SIGNAL WIDTH control is in the MIN 
position (fully counterclockwise). 

In performing the isolation procedure, 
check that a SET POWER reading can be ob¬ 
tained with the function switch in the EXT MOD 
position by manipulating the REFLECTOR knob 
and POWER SET knob. If a SET POWER read¬ 
ing cannot be obtained, the klystron tube,is 
probably bad; however, before changing the 
klystron, make the check for a shorted crystal 
diode clipper as given below. 

Failure of Crystal 
Diode Clipper CR-105 

Failure of clipper CR-105 is indicated by an 
absence of the bell pattern on the scope when 
the function switch is in the MIXER position 


and the SIGNAL WIDTH control is in the MIN 
position (fully counterclockwise). 

In performing the isolation procedure, place 
the function switch in the EXT MOD position 
and check for a negative klystron plate voltage 
at the ungrounded terminal on CR-105. This 
voltage should be variable by turning the RE¬ 
FLECTOR knob. If the voltage is very low or 
zero, the trouble is probably a shorted CR-105; 
however, before changing CR-105, check the 
output of the negative voltage power supply. A 
shorted CR-105 usually results in a damaged 
klystron. 

Sticking Attenuation Plungers 

Sticking of the attenuation plungers is indi¬ 
cated by inaccurate transmitter power and/or 
receiver sensitivity measurements. 

In performing the isolation procedure, vis¬ 
ually check that the two attenuation plungers 
operated by the ATTENUATION knob move 
freely. Also, visually check that the two atten¬ 
uation plungers operated by the HI-LO ATTEN¬ 
UATION control operate freely. If any are 
found to be sticking, apply a light oil very 
sparingly. Excessive oil will collect dust and 
eventally the situation will be further 
aggravated. 

STANDING WAVE MEASUREMENT 

A transmission line which is not terminated 
in its characteristic impedance is subject to a 
condition known as standing waves. Reflection 
of energy at the load end of the line gives rise 
to a wave that travels toward the generator 
end. This reflected wave varies continuously 
in phase in much the same way that the inci¬ 
dent wave varies in phase. At points a half¬ 
wavelength apart, the two waves are exactly 
in phase and the voltage is maximum. At 
points a quarter-wavelength from the maxi- 
mums, the two waves are in continuous opposi¬ 
tion, leading to voltage nodes. Since the am¬ 
plitude at such points is readily measured, it 
is convenient to call the ratio of maximum to 
minimum voltage the voltage standing wave 
ratio (VSWR). A similar ratio of currents will 
have the same value. A high SWR indicates a 
poor impedance match, and a low SWR indi¬ 
cates a good match. An SWR of 1:1 is optimum. 

The measurement of VSWR has proved use¬ 
ful for the purposes of repair, preventive main¬ 
tenance, checking, and making adjustments. In 
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Figure 16-10.-SWR test setup. 
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Figure 16-11. -AN/USM-37 test setup. 
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STANDING WAVE INDICATOR 

Standing Wave Indicator AN/USM-37 is a 
laboratory quality test set for use in making 
accurate standing wave measurements in wave¬ 
guide and coaxial systems over the frequency 
range from 3.0 to 12.4 kilomega Hertz. The 
test set includes two precision slotted wave¬ 
guide sections, a slotted coaxial section, a 
voltage sampling probe, a probe carriage, a 
standing wave indicator, adapters, and cables. 
Figure 16-11 shows the two main components- 
the standing wave indicator and the probe car¬ 
riage and slotted section assembly. 

The measurement of SWR consists of setting 
the probe at a position of maximum voltage and 
then setting the gain of the standing wave indi¬ 
cator so that a reading of 1.0 is obtained at this 
position. The probe is then moved along the 
line until a minimum voltage point is reached. 
The SWR can then be read directly from the 
standing wave indicator scale. Although this is 
a basic method of making SWR measurements, 
in many cases it will be sufficient as this is a 
direct measure of mismatch of the load. More 
sophisticated tests can be made with this in¬ 
strument, but they are mostly associated with 
design and development. 

Wavelength measurement can be made by 
measuring the exact distance on the scale be¬ 
tween 2 nulls. The most common use of the 
SWR indicator by the AQ will most likely be to 
check the match of rotating joints in antenna 
waveguides. 

Instruction Book for Indicator, Standing 
Wave, AN/USM-37, NavShips 92036, contains 
detailed instructions for the use, operation, and 
maintenance of the USM-37. 


MAINTENANCE 

Since the slotted sections and adapters are 
not considered repairable, maintenance is lim¬ 
ited to the probe carriage, the standing wave 
indicator, and the waveguide probe. Figure 
16-12 shows an exploded view of the probe car¬ 
riage and slotted section. 

All tubes and components in the standing 
wave indicator may be replaced by identical 
parts with no further adjustments except as 
follows: 

1. When replacing VI (a voltage amplifier), 
select a tube that does not exhibit microphonics. 
Otherwise slight physical shocks will cause the 


meter pointer to swing or jump when the instru¬ 
ment is tapped with a finger. 

2. When replacing tubes in the voltage reg¬ 
ulator, the voltage should be checked and ad¬ 
justed if necessary. 

3. The meter should be adjusted so it reads 
oo (infinity) with the power off. 

4. Components in the 1-kHz filter may 
be replaced by parts having identical elec¬ 
trical characteristics. Frequency adjustments 
to the 1-kHz filter are not critical. However, 
a trimmer capacitor is provided for minor fre¬ 
quency adjustments and is accessible through a 
hole in the top of the filter housing. 

5. Following parts replacement of the 
1-kHz filter or installation of a new filter, the 
effective Q of the amplifier should be checked 
as described in the equipment manual. 

6. When failure occurs in the SWR DB 
switch, the switch should be replaced by a com¬ 
plete unit including the connecting cables. 
Heating and twisting of the precision resistor 
leads in the switch can premanently change their 
resistance and should be attempted only by 
technicians skilled in this type of work. 

Particular care should be taken to retain 
the original grounding of the cable shields. 
Otherwise excessive noise, hum, or spurious 
oscillations may occur. 

The probe carriage is a precision instru¬ 
ment designed for very high accuracy of probe 
positioning and travel. With careful handling, 
average use will result in no appreciable wear 
and replacement of parts should not be 
necessary. 

The carriage is lubricated before leaving 
the factory but may require periodic lubrica¬ 
tion as described in the equipment manual. 
Keep in mind that the carriage has components 
that are machined to tolerances of 1/10,000 
inch and must be protected from rough handling 
and the possibility of machined surfaces being 
marred. Do not attempt adjustments, loosen¬ 
ing, or tightening of the carriage assembly ex¬ 
cept as described in the manual. 

The waveguide probe requires no mainte¬ 
nance other than possible crystal diode or 
crystal holder replacement. 

ECHO BOXES 

An important part of the work of the AQ 
involves performing tests to determine the op¬ 
erating characteristics of aviation fire control 
radar sets. The following section, related to 
the general principles of radar operation, is a 
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Figure 16-13. -Circuit for echo box tests. 
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brief discussion of the use of a device which is 
often employed for making specific tests of the 
overall performance of a radar installation. 

Under field conditions it is cometimes diffi¬ 
cult to check the operation of radar equipment 
because of the absence of standard signals. 
However, many recently developed radar sys¬ 
tems have built-in test (BIT) circuits. The use 
of normal return signals is undesirable for 
purposes of adjustment and measurement be¬ 
cause these signals vary considerably with at¬ 
mospheric conditions and with the nature of 
the physical surroundings. A device which is 
frequently used to supply standard reference 
signals is the echo box. 

An echo box is a tunable resonant cavity 
which has a very high Q. The cavity is equipped 
with coupling loops, either a dipole or a coaxial 
horn antenna, a crystal detector, a microam¬ 
meter, and several sections of transmission 
line. The cavity is tuned by means of a mov¬ 
able plunger which is mechanically connected 
to a calibrated tuning dial. The echo box re¬ 
ceives energy from the radar transmitter 
either by use of a pickup dipole (or horn) or by 
connection through a cable to a directional 
coupler in the transmission line of the radar 
set. 

Echo boxes are used in measuring the over¬ 
all performance of radar sets, in making spec¬ 
trum graphs of magnetrons, for measuring the 
relative power output of radar transmitters, 


and for checking the frequency of the trans¬ 
mitter and of the local oscillator. 

The basic circuit for making echo box tests 
is shown in the block diagram of figure 16-13. 

In measuring the overall performance of 
radar sets, some of the energy generated by 
the radar transmitter is picked up by the di¬ 
rectional coupler or the pickup dipole and ap¬ 
plied to the echo box. This energy excites os¬ 
cillations in the echo box which persist for 
some time after the end of the radar pulse. 
These oscillations gradually die out because 
some of the power is radiated back to the radar 
set and the rest of it is dissipated in the echo 
box cavity and in the output meter circuit. The 
part of the energy that is fed back to the radar 
antenna causes a signal to appear on the radar 
indicator. 

RINGING TIME is defined as the time be¬ 
tween the end of the transmitted pulse and the 
instant the returned energy from the echo box 
falls below the minimum value required to give 
an indication on the radar indicator. The 
ringing time duration depends upon the power 
output of the transmitter and the sensitivity of 
the receiver. The longer the ringing time, the 
better is the overall performance of the system. 
Each radar set has a minimum performance 
ringing time, and this value provides a standard 
for use in checking the operation of the set. 
The value of the minimum ringing time for a 
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Figure 16-14. -Ringing time indications. 


particular radar can be found in the appropriate 
manual of operating instructions. 

Figure 16-14 illustrates three typical ring¬ 
ing time indications similar to those in overall 
performance checks made with echo boxes. 

An echo box is often used in making a spec¬ 
trum graph of a transmitter’s output. Each 
time a radar transmitter generates an RF 
pulse it produces energy in the form of electro¬ 
magnetic waves. Not all of these waves are of 
the same frequency. Some of the energy is 
radiated at the frequency to which the trans¬ 
mitter is tuned and the remainder is distributed, 
in frequencies which are higher and lower than 
the timed frequency. A spectrum graph show¬ 
ing the values of the frequencies present and 
their relative strength can be made by tuning 
the echo box across the entire range of fre¬ 
quency values in the output of the transmitter. 
The readings of the output meter in the echo 
box are plotted against frequency values in the 
spectrum which are read from the calibrated 
dial of the instrument. A radar transmitter 
in satisfactory condition gives a spectrum 
graph which is a peak with the sloping sides 
symmetrical and well defined minimum values. 
A curve without well defined minimum values 
indicates that the transmitter output is fre¬ 
quency modulated during the pulse as explained 
previously. 

The echo box can be used to measure the 
relative power output of radar transmitters. 
The amount of energy delivered to the resonant 
cavity of the echo box depends on the average 
power of the radar pulse, the pulse length, the 
amount of loss in the directional coupler or 
pickup dipole, and the amount of loss in the 
connecting cables. The echo box is tuned to 
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give a maximum reading of the output meter. 
The meter coupling circuit is then adjusted so 
that the maximum reading falls on the approxi¬ 
mate center of the scale, and this value is 
recorded for use as a reference. After adjust¬ 
ments on the transmitter are made, the read¬ 
ings of the echo box output meter are compared 
with the reference value to determine the ef¬ 
fects of the adjustments on the output power. 

Multiple moding, which is an abrupt and ir¬ 
regular jumping from one frequency to another, 
sometimes occurs in microwave radar equip¬ 
ment. This effect is readily detected with the 
echo box. The indication of multiple moding is 
an erratic ringing time pattern containing sev¬ 
eral background noise traces in the pattern. 

The transmitter frequency and the frequency 
of the receiver local oscillator can be measured 
by using the echo box as a wavemeter. In ad¬ 
dition to these checks, the device can be used 
in measuring the signal to noise ratio for test¬ 
ing the operation of the automatic frequency 
control, for measuring the TR box recovery 
time, the receiver recovery time, and the 
amount of loss in transmission lines. For 
these tests and measurements, the instruction 
manual for the particular echo box in use must 
be consulted. 

DUMMY LOAD 

When testing radar transmitters in the mi¬ 
crowave frequencies, it is frequently necessary 
to dissipate the transmitted RF power in a test 
or "dummy” load. Many variations exist in the 
type of load used for this purpose; the only re¬ 
quirements being that the dummy load have the 
capability to dissipate the required amount of 
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Figure 16-15.-Dummy load. 
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power. It must also present a suitable imped¬ 
ance to the source of energy and not set up re¬ 
flections and standing waves which might pull 
and damage the transmitter. 

The termination of a waveguide system at 
microwave frequencies is normally done with 
an attenuator, as illustrated in figure 16-15, in 
which the walls of the waveguide are lined with 
lossy material. The lossy substance is 
mounted so that the height of the guide (but not 
width) is tapered as illustrated. With this type 
attenuator the attenuation per unit length is in¬ 
creased as the RF wave penetrates into the 
lossy section. This results in a reduction of 
the length required in order to maintain a low 
standing wave ratio, and results in a more even 
distribution of the generated heat. The lossy 
material normally consists of powdered graphite 
impregnated in a cement binder and cast into 
the proper shape within the guide. In addition, 
the attenuator normally has external radiating 
fins which are used to assist in dissipating the 
heat. Dummy loads constructed in a manner as 
illustrated in figure 16-15 have a high power 
handling ability, a good standing wave charac¬ 
teristic, and are built for wavelengths as short 
as 1 cm. 

The maintenance required on a dummy load 
consists mainly of cautious handling. Do not 
drop, strike, or otherwise mistreat the unit so 
as to bend the cooling fins, break the lossy 
material, or damage the choke joint connection 
and O-ring seal. 


RANGE CALIBRATOR 

The range calibrator discussed in this chap¬ 
ter is the Radar Test Set AN/UPM-109. With 
this instrument a video target can be simulated 
with accurately known range, range rate, and 
range acceleration characteristics for use in 
testing range tracking radars. This video may 
be used to modulate an RF signal which may be 
space coupled to the radar being tested. Also, 
the bandwidth of the antenna positioning servos 
may be approximated using this test set. 

The outstanding characteristic of the test 
set is the straightforward, understandable 
nature of the tests which it may be used to 
perform. 

The test set comprises eight plug-in assem¬ 
blies in a mainframe assembly which is housed 
in a combination case. The cover provides 
storage space for loose cables and the instruc¬ 
tion manual. When the cover is installed prop¬ 
erly, the test set is completely protected from 
moisture and dust. If desired the test set can 
be used leaving it in its case, or it can be re¬ 
moved from the case and mounted on a rack. 
Cooling is accomplished by a blower mounted 
on the front panel. Power required to operate 
the test set is 115 volts a. c. regulated to ±10 
percent at 50 to 420 Hertz. Ambient operating 
temperatures are -45° C to +550 c. 

Since the AN/UPM-109 is a general purpose 
piece of test equipment, it would be impossible 
for one step-by-step procedure to serve for all 
possible equipments for which it might be used. 
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Figure 16-16. -Radar Test Set AN/UPM-109 
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Therefore, a general description of its capabil¬ 
ities and functions is given, followed by a few 
suggestions and comments of a somewhat more 
specific nature concerning the various tests 
which are possible. 

OPERATING CONTROLS 
AND INDICATORS 

Complete operation of the test set is attained 
through use of controls, indicators, and con¬ 
nectors located on the front panel. For a de¬ 
scription of these controls, indicators, and 
connectors, see figure 16-16 and table 16-3. 

CAPABILITIES 

By simulating a target with known range 
characteristics, important operational checks 


can be performed as described in the following 
paragraphs. 

Range Calibration 

Continuously variable range calibration data 
is available in two ranges: 0 to 1, 000 and 0 to 
100,000 yards, with an accuracy of ±1/4 per¬ 
cent of full scale. 

Range Rate Calibration 

Continuously variable range rate calibration 
data is available from 0 to 500 knots, with an 
accuracy of ±1/2 percent of full scale. Detailed 
capabilities are as follows: 

1. A constant range rate tracking test may 
be used to establish the maximum opening and 
closing rates the radar can accommodate. 
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Table 16-3.-Controls, indicators, and connectors. 


Number 

Control, indicator, 
or connector 

Function 

1 

AM LEVEL control 

A variable control to adjust the modulation level for either ex¬ 
ternal or internal modulation of the output target pulse. 

2 

RANGE YARDS control 
and indicator 

A variable control and counter dial to control and indicate the 
range of the simulated target. 

3 

METER EXPANSION 
control 

A spring return toggle switch which, when operated, increases 
the meter sensitivity by approximately 10 times normal. It 
is used in conjunction with the ZERO HOLD control as a 
means of observing drift of target position when the TARGET 
FUNCTION control is in the RATE position and the TARGET 
RATE/ACCEL selector is in the HOLD position. 

4 

Range yards meter 

A meter which provides a constant indication of target position. 

5 

RATE/ACCEL control 
and indicator 

A variable control and counter dial to control either the target 
rate or target acceleration. The counter dial indicates in 
knots during "rate” operation and in G's during "accelerate" 
operation. 

6 

PRETARGET RANGE 
control 

A manual adjustment for the interval between the target and 
pretarget pulses. Used only with an external trigger output. 

7 

TARGET INTERRUPT 
control 

A spring return toggle switch which, when operated, disables 
the target pulse. 

8 

INT PRF control 

A variable control with a calibrated dial enabling fine setting of 
internal PRF. 

9 

EXT TRIGGER positive 
and negative con¬ 
nectors 

Two connectors used for applying to the test set either positive 
or negative external trigger inputs. 

10 

EXT PROGRAM con¬ 
nector 

A connector used to apply an input to the test set for range 
programing. 

11 

EXT AM connector 

A connector used to apply an input to the AM LEVEL control for 
modulation of the target pulse from an external source. 

12 

TARGET FUNCTION 
control 

A three-position switch which selects the functions indicated in 

the following positions: 

1. RATE 0 - 5,000 KNOTS - Provides a moving target, the 
velocity of which is determined by the setting of the 
RATE/ACCEL control and the direction of which is de¬ 
termined by the TARGET RATE/ACCEL control. 

2. RANGE YARDS - Provides a stationary target the posi¬ 
tion of which is determined by the RANGE YARDS control. 

3. ACCEL 0 - 50G - Provides a moving target, the accel¬ 
eration of which is determined by the setting of the 
RATE/ACCEL control. 
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Table 16-3.-Controls, indicators, and connectors-Continued. 


Number 

Control, indicator, 
or connector 

Function 

13 

ZERO HOLD control 

A screwdriver adjustment used to compensate for long term 
drift which affects the calibration of the RATE/ACCEL dial. 
It is used in conjunction with the expanded meter scale. 

14 

TARGET RATE/ACCEL 
control 

A three-position switch which in the IN position selects a de¬ 
creasing target range and in the OUT position selects an in¬ 
creasing target range. These positions are used for either 
rate or acceleration operations. When placed in the HOLD 
position and with the TARGET FUNCTION control at the 
RATE position, the target will stop and hold at the range in¬ 
dicated at time of switching. When the TARGET FUNCTION 
control is at the ACCEL position, the HOLD position holds 
the velocity and direction of the target present at time of 
switching until the target has moved off the target scale. 
The acceleration feature is only provided in the 100,000-yard 
operation. 

15 

TRIGGER/PRETARGET 
AMPLITUDE control 

A control used to adjust the output trigger pulse amplitude. 

16 

TRIGGER OUT positive 
and negative con¬ 
nectors 

Two connectors which provide positive and negative trigger out¬ 
put pulses. 

17 

TARGET AMPLITUDE 
control 

A control used to adjust the output target pulse amplitude. 

18 

TARGET OUT positive 
and negative con¬ 
nectors 

Two connectors which provide positive and negative target out¬ 
put pulses. 

19 

MAX RANGE control 

A two-position switch to select either 10,000 yards or 100,000 
yards range as maximum test set output. 

20 

OPERATE indicator 

A light which illuminates when test set is operational. 

21 

OVEN indicator 

A light which, when illuminated, indicates the operation of 
heaters in an enclosure containing circuit elements requiring 
constant temperature control. 

22 

POWER control 

A two-position switch which, when in the ON position, applies 
primary power to the test set. 

23 

5-ampere fuse 

A safety device in the primary power circuits to protect the test 
set against overloads. 

24 

BLOWER CYCLE 

A light which illuminates when the blower is on. 

25 

OVEN FAILURE 
. indicator 

A light which illuminates when there is a failure in the oven 
heater circuit. 
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Table 16-3.-Controls, indicators, and connectors-Continued. 


Number 


26 


Control, indicator, 
or connector 


MODE selector 


Function 


A four-position switch which selects the operating conditions 
indicated in the following positions: 

1. EXT TRIGGER INT AM - synchronizes target and pre¬ 
target pulses with negative or positive pulses applied to 
the EXT TRIGGER connectors. Allows target modulation 
at frequency set on INT PRF dial. (PRF operates from 


25 to 500 Hz.) 

2. EXT TRIGGER EXT AM - same as EXT TRIGGER INT 


27 


Power in Connector 


AM position except external modulation input required if 
target modulation is desired. 

3. INT PRF 25 - 500 - operates target and trigger pulses 
at internal PRF as selected by INT PRF dial, within 25 - 
500 PPS. Permits external modulation input for target. 

4. INT PRF 250 - 5000-same as INT PRF 25 - 500 position 
except for change in INT PRF dial range to 250 - 5000 
PPS. 

1. Receptacle for connecting primary input power. 


2. A velocity step rejection test may be 
used to determine the response of the radar to 
abrupt changes in velocity. 

3. A rate memory test may be used to es¬ 
tablish that memory circuitry allows "tracking" 
for an interval of time after loss of target. 

Range Acceleration Calibration 

Continuously variable range acceleration 
calibration data is available from 0 to 50 G's 
with an accuracy of ±5 percent (available on 
the 100,000-yard range only). Detailed capa¬ 
bilities are as follows: 

1. Tracking ability, during constant accel¬ 
eration, establishes the maximum range accel¬ 
eration and deceleration rates the radar can 
accomodate. 

2. Acceleration tolerance test determines 
the tolerance of the memory function to a target 
which has range acceleration as well as 
velocity. 

3. The functional test for tracking ability 
with a maneuvering target maybe made employ¬ 
ing a programed simulated maneuver to the 
EXT PROGRAM jack. 


FUNCTIONAL DESCRIPTION 

The target generated is a 0.6-/zsec pulse 
(measured at the half power points) with an 
amplitude which can be adjusted from 0 to 65 
volts. 

External Sync 

The trigger from the radar being tested (9, 
fig. 16-16) may be used as a synchronizing 
pulse, inserting it at the EXT TRIGGER jack 
(observing the proper polarity) and using either 
of the two EXT TRIGGER positions of the MODE 
switch (26, fig. 16-16). The test signal used to 
simulate a target may be either RF or a video 
signal. (See fig. 16-17 and fig. 16-18.) 

Internal Sync 

The trigger pulse generated within the test 
set may be used as a synchronizing pulse for 
the radar by connecting the output of the appro¬ 
priate polarity from one of the TRIGGER OUT 
jacks to the radar. The amplitude of this trig¬ 
ger is controlled by the TRIGGER/P RE TARGET 
AMPLITUDE control (15, fig. 16-16). The 
PRF is controlable by the INT PRF knob (8, 
fig. 16-16). The control has a range of 25 to 
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Figure 16-17. -Equipment interconnection 
using space (RF) coupling. 
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Figure 16-18. -Equipment interconnection 
using video targets directly. 

500 or 250 to 5,000 PPS, depending on the po¬ 
sition of the MODE switch. 

MODE Switch 

The MODE switch selects one of four sync 
positions, two each for external and internal. 
When external sync is selected, the signal ap¬ 
pearing at the TRIGGER OUT jacks is called the 
PRETARGET pulse. This pulse is particularly 
valuable as it can be used as an oscilloscope 
synchronizing pulse. The position of the pulse, 
in time, is adjustable so it is in coincidence 
with the target or at any range prior to the tar¬ 
get up to 600 yards on the 10,000-yard range 
or 6,000 yards on the 100,000-yard range. 
This adjustment is provided by the use of the 
PRETARGET RANGE knob (6, fig. 16-16). 

Function Selection 

The TARGET FUNCTION switch (12, fig. 
16-16) is used to select proper operating func¬ 
tion of the test set. When the switch is in the 
RANGE YARDS position, a target with a fixed 
range is selected. The range of this target is 
controlled by the RANGE YARDS control (2, 
fig. 16-16). The range can be read directly 
from the indicator dial seen through the small 
window in the knob. The maximum indication 
of the dial is 9, 990 yards. The outer shell of 
the control knob can be turned to interpolate 
the fourth digit. 


With the switch in the RATE 0-5,000 KN 
position, the target wil move with a constant 
speed, corresponding to the setting of the RATE/ 
ACCEL control (5, fig. 16-16) and the setting 
of the TARGET RATE/ACCEL switch, which 
must be either in the IN or OUT position (14, 
fig. 16-16). If the TARGET/ACCEL switch as 
in the hold position, no target motion is allowed. 

With the switch in the ACCEL 0-50G 
(100,000-yard range) position, the target ac¬ 
celerates at a constant rate, its direction and 
amount of acceleration being controlled by the 
same controls that governed the rate in the 
RATE 0-5, 000 KN position of the switch. 

Zero Hold Adjust 

Since a high gain d-c amplifier (operational 
amplifier) is used, it is necessary to check for 
drift and readjust for zero drift quite frequently. 
To make this adjustment, select a target in the 
midrange, placing the TARGET RATE/ACCEL 
switch in the hold position. The TARGET 
FUNCTION switch is placed in the RATE 
0-5,000 KN position. If there is any drift of the 
target position indicated on the meter (4, fig. 
16-16), the zero hold potentiometer located 
just under the meter must be adjusted to bal¬ 
ance it out. The final adjustment must be made 
with maximum meter sensitivity. This is ac¬ 
complished by operating the meter expansion 
switch, located just above the meter. It may 
be necessary to repeat the procedure several 
times, as the meter will probably drift off scale 
before the adjustment is completed. This ad¬ 
justment must be made accurately, or target 
position will drift, and range rate and accel¬ 
eration values will be in error proportionately. 

Servo Bandwidth Measurement 

By amplitude modulating the video target 
pulse in the AN/UPM-109 at a frequency near 
the nutation rate of the radar antenna and feed¬ 
ing the RF target pulse to the radar, the band¬ 
width of the antenna servos may be roughly 
measured. The RF signal is spaced coupled to 
the radar antenna; for example, this is the pro¬ 
cedure when the TS-147 is used. A reference 
axis is established by causing the radar to 
track the signal from the horn with no modula¬ 
tion present. By inserting a small modulation 
signal and varying the modulating frequency 
until a zero beat condition is obtained, indicated 
by motion of the antenna nutation axis ceasing, 
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the nutation frequency is determined and a pre¬ 
determined departure from the reference axis 
(for example, 6° in the azimuth plane) can be 
obtained. By varying the modulating frequency 
and leaving the level of the amplitude modula¬ 
tion fixed, the antenna will begin to point in an 
orbital path about the horn (target) at a rate 
corresponding to the beat difference between the 
nutation rate of the radar antenna and the mod¬ 
ulating frequency. The original angular dis¬ 
placement reference of 6° is then reduced by 
one-half, to an angular displacement of 3°, by 
increasing the beat difference frequency. The 
beat frequency which produces this half-deflec¬ 
tion amplitude will determine pass band of the 
azimuth servo. The same procedure is then 
used to determine the elevation servo pass band. 

Range Calibration 

For an accurate radar range voltage mea¬ 
surement, it is necessary to provide a target 
of precisely known range and measure the re¬ 
sulting range voltage in the radar. The prob¬ 
lem, for the man in the field, is to get an ac¬ 
curate measurement of this range voltage by 
the choice of a reliable and accurately calibrated 
voltmeter. He must also keep in mind that 
loading effects of the meter will probably 
dictate the use of a vacuum tube voltmeter 
(VTVM) and that VTVM’s are subject to drift. 

For range calibration the TARGET FUNC¬ 
TION switch is placed in the RANGE YARDS 
position. Normally the radar range zero point 
is first adjusted, then the range slope is set at 
some point near the maximum range of the 
sweep. It should be remembered that measure¬ 
ment of these two points will determine nothing 
about the linearity. A third intermediate point 
is a minimum requirement, although as many 
intermediate points can be calibrated as desired. 

Range Rate Calibration 

Since in the tactical situation the target will 
probably close at a rate much higher than the 
opening rate, it is desirable to determine the 
ability of the radar to track high closing rates. 
Tracking ability at various target velocities is 
discussed in the following paragraphs. 

CONSTANT RATE TRACKING ABILITY. - 
The ability of a radar to track a target of con¬ 
stant velocity can be determined simply by 
trial and error. It is, in general, necessary 
to lock-on to the target after range rate has 
been imparted; that is, after the TARGET 


RATE/ACCEL switch has been moved out of 
the HOLD position to the IN or OUT position. 
The reason for this is that a large acceleration 
is imparted when the change is made suddenly 
from a fixed range target to one with constant 
velocity. Radars employing an acceleration 
gate may not remain locked-onatthis time. In 
fact, if the acceleration gate functions properly, 
lock-on will not, in general, continue. How¬ 
ever, it will be necessary to wait for the dura¬ 
tion of any lock-on memory to elapse for the 
lock-on relay to deenergize. 

VELOCITY STEP REJECTION.-A radar 
must accommodate self-noise and minor mal¬ 
functions (that is, small velocity steps) without 
losing track. Also, it is desirable to fail to 
respond to large steps, on the order of from 
40 to 300 knots because such values do not tend 
to represent real targets. If the maximum step 
accommodated is about 40 knots, a considerable 
freedom from susceptibility to countermeasures, 
friendly or enemy, maybe obtained. The 
ability to accommodate large step changes in 
velocity is a measure of the ease with which the 
range gate may be ’’stolen. ” 

RATE MEMORY TEST. -The lock-on relay 
should not deenergize immediately on loss of 
target. It should remain energized for a while 
even though noise or CW jamming is occuring 
or the radar transmitter is momentarily turned 
off to elude a radar seeking missile. 

To test this function it is necessary to aUow 
sufficient time after lock-on to establish the 
memory (allow the memory capacitance to 
reach steady state charge). At least 15 seconds 
should be allowed to insure that sufficient time 
has elapsed after lock-on. The memory can 
then be measured by momentarily eliminating 
the target, using the spring loaded TARGET 
INTERRUPT switch (7, fig. 16-16), and timing 
the interval the lock-on relay remains in the 
locked-on position. 


Acceleration Gate 

A maneuvering target may represent a max¬ 
imum change in velocity of about 2.5 G's, but 
chaff (window) or decoys may produce very 
high acceleration (or deceleration). There¬ 
fore, an acceleration gate, if designed into the 
radar, should allow a target range acceleration 
not exceeding about 2. 5 G’s. 
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Acceleration Tolerance Test 

There should be some tolerance to range 
acceleration when range rate memory is being 
employed. A representative figure of 0.1 G 
acceleration may be inserted to test this tol¬ 
erance. Of course, time must be allowed for 
the rate memory to be established at some rate 
(which may be zero) after lock-on. A waiting 
period of 10 seconds is adequate in atypical 
situation. Flipping the TARGET FUNCTION 
switch rapidly from RATE to ACCELERATE 
should not introduce an appreciable transient 
into the target motion; however, since the same 
knob is employed for both rate and acceleration 
functions, a really rapid changeover from 
RATE to ACCEL can be accomplished only at 
values which correspond to a common dial 
setting. If the switching transient is severe, 
the balance pot on the operational amplifier 
assembly may require adjustment. Further, 
if transients result from changes in power line 
voltage, adjustment of the drift pot, also on the 
operatiohal amplifier assembly, maybe re¬ 
quired. For these adjustments, consult the 
Service Instruction Manual for the equipment. 
A range rate memory circuit will employ the 
same time constant (as long as the associated 
amplifier is linear) regardless of the range 
rate voltage. Therefore, a check employing a 
rate memory at zero range rate is a valid test 
of the time constant of the circuit. 

The test is accomplished (for zero range 
rate) by locking onto a fixed target and allowing 
about 10 seconds for circuit stabilization 
(rangerate memory to be established). The 
target is eliminated temporarily by operating 
the TARGET INTERRUPT switch while simul¬ 
taneously introducing acceleration, and an in¬ 
terval of time is allowed equal to the time con¬ 
stant of the rate memory before releasing the 
TARGET INTERRUPT switch.The radar should 
remain locked onto the target. 

Maneuvering Target 
Tracking Ability 

It is possible to use the EXT PROGRAM 
jack to feed in a voltage which caused the target 
in the AN/UPM-109 to change its time position 
in accordance with an internal range voltage, 
the value of which is displayed on the front 
panel meter, accurate to 2 percent of full scale. 
It is therefore possible to employ this EXT 
PROGRAM input as a vacuum tube voltmeter 
input. As such, its input resistance is 6. 2 


megohms and its accuracy is about 2 percent of 
the 100 volts full scale, or =* 2 volts. 

The use of this meter as a VTVM requires 
that zero is selected on the RANGE YARDS 
counter and the TARGET FUNCTION switch is 
in the RANGE YARDS position. 

MAINTENANCE 

The air filters and the blower motor re¬ 
quire regularly scheduled maintenance. Nor¬ 
mally the filters are removed and cleaned at 
calibration periods. However, when the test 
set is in use in an environment where the at¬ 
mosphere is heavily laden with dust particles, 
the filters will require cleaning between cali¬ 
bration periods. For complete maintenance 
information refer to the Service Instruction 
Manual for the equipment. 

OSCILLOSCOPE TYPE 453 

Figure 16-19 is a picture of the front, side, 
and rear panels of the oscilloscope discussed. 

The Tektronic Type 453 Oscilloscope is a 
light weight, transistorized portable oscillo¬ 
scope which provides the performance neces¬ 
sary for high frequency measurements. It has a 
single and dual-channel vertical deflection sys¬ 
tem which operates between d.c. and 50 MHz 
with a calibrated deflection factor ranging 
from 5 millivolts to 10 volts per graticule 
division. The two channels may be cascaded 
to provide a 1 millivolt minimum deflection 
factor. Stable triggering is provided over 
the entire vertical frequency response. 

The horizontal sweep provides a maximum 
sweep rate of 0.1 n sec per division along with a 
delayed sweep feature for accurate relative time 
measurements. 

The regulated d-c power supplies operate on 
either 115 volts a. c. or 230 volts a.c. with line 
frequencies of 45 to 440 Hz. The power con¬ 
sumption is approximately 100 watts. 

The input impedance with direct coupling is 
about 1 megohm in parallel with 20 pf capaci¬ 
tance. 

PREPARING THE OSCILLOSCOPE 
FOR VIEWING (TRACE) 

The intensity control (INTENSITY) which 
controls the brilliance of the sweep, varies 
the grid bias on the cathode-ray tube (CRT). 
The focus control (FOCUS) varies the potential 
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(A) FRONT PANEL 



Figure 16-19. -Oscilloscope; Type 453 (A) front 


$ AQ. 337 

panel (B) side panel (C) rear panel. 
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on the focus grid. The focus and intensity in¬ 
teract and therefore must be adjusted to¬ 
gether. The astigmatism adjustment (ASTIG) 
varies the positive level on the astigmatism 
grid and allows the vertical and horizontal 
portions of the sweep to be sharply focused at 
one setting of the focus control. A trace 
alinement control (TRACE ROTATION) pro¬ 
vides for the rotation of the trace to a horizon¬ 
tal position by varying the magnetic field around 
the CRT. A trace finder switch (TRACE 
FINDER) allows the operator to decrease the 
overall size of the viewed signal in cases where 
the vertical or/and horizontal signals 
are so large in amplitude that they over¬ 
scan the viewing area. 

VERTICAL DEFLECTION CAPABILITES 

The two channels (1 & 2) may be operated in¬ 
dependently or together. Each channel has its 
own positioning control which moves the hori¬ 
zontal trace either up or down. The vertical 
deflection for each channel is controlled by a 
volt s/di vision switch (VOLTS/DIV) and a var¬ 
iable control (part of VOLTS/DIV control). 
Each channel has its own input coupling (AC, 
GND, DC). 

A mode selector (MODE) allows the opera¬ 
tion of channel 1 only (CH 1), channel 2 only 
(CH 2), alternate (ALT) (which gives a dual 
trace display of signal of both channels), CHOP 
(which gives a dual trade display of signal on 
both channels), and ADD (channel 1 & 2 signals 
are added and the algebraic sum is displayed). 
The difference between ALT and CHOP is that 
in ALT the sweeps are changed at the end of 
each sweep and in CHOP the signals are 
switched by having a 1 /i second segment from 
each channel displayed at a repetition rate of 
500 kHz. The channel 2 signal may be inverted 
at any time. 

Each channel may be triggered fromthe sig¬ 
nals displayed or the vertical sweep circuits 
may be triggered from the display on channel 1 
only. 

TRIGGERING CAPABILITIES 

There are three sources for triggering the 
A and B horizontal sweeps. These are external 
(EXT), LINE, and internal (INT). The external 
trigger inputs are connected through the jacks 
for the appropriate sweeps. The line trigger 
is obtained from the power supply. The inter¬ 
nal trigger is obtained from the trigger ampli¬ 


fier which receives a trigger from either the 
channel 1 (CH 1) vertical signal or from the 
normal (NORM) vertical signal after dualtrace 
switching has occurred. This latter trigger is 
a sample of the composite vertical display. 

The trigger level to either the A or B sweep 
is adjustable in amplitude and also may be set 
to either the positive (+) or negative (-) slope 
of the trigger itself. 

The type trigger coupling to each sweep is 
variable. The coupling may be AC, low-fre¬ 
quency rejection (LF REJ), high-frequency re¬ 
jection (HF REJ), or DC. In the AC and LF 
REJ settings the d-c component of the trigger 
is blocked. In the AC position, frequencies 
below 30 Hz will be attenuated. In LF REJ, fre¬ 
quency components below 30 kHz will be attenu¬ 
ated. In the HF REJ position, signals below 
30 Hz and above 50 kHz will be attenuated. 

The A sweep may be triggered for either 
normal trigger operation (NORM TRIG), as pre¬ 
viously mentioned, for free running operation 
(AUTO TRIG) (no trigger applied), or for single 
sweep operation (SINGLE SWEEP) in which a 
single sweep is presented when desired. 

SWEEP CAPABILITIES 

The A sweep may be operated with sweep 
time per division from 5 seconds to 0.1 nsec. 
The B sweep may be operated with sweep time 
per division from 0. 5 seconds to 0. 1 /xsec. 
The sweep may be operated such that the en¬ 
tire sweep is controlled by the A sweep controls 
and a portion of the entire sweep is intensified 
by the position of the B sweep controls. When 
operating with a portion of the A sweep intensi¬ 
fied and then the B sweep only control (DE¬ 
LAYED SWEEP (B)) is operated, only that por¬ 
tion of the original sweep that was intensified 
will be displayed. Also available is a magnified 

operation (X10) in which only the center of 

the original sweep is displayed across the en¬ 
tire scope face when this control is operated. 

Intensity modulation of the Z-axis is avail¬ 
able. Time markers or similar signals may 
be externally fed into the Z-axis (Z AXIS 
INPUT) and these will appear as intensity mod¬ 
ulation on the displayed signal. 

BASIC APPLICATIONS 

The following applications are a few exam¬ 
ples of what may be accomplished with the oc- 
cilloscope. 
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When making time measurements the area 
between the first and ninth graticule lines should 
be used because this area is the most linear 
portion of the sweep. This area is shown in 
figure 16-20. The position control may be used 
to set the start of the trace (timing area) on the 
first graticule line and the TIME/DIV control 
may be used to end the timing area within the 
first and ninth graticule lines. 






• 

■ 








IME 

MEA! 

UREf 

1ENT5 






1 

** 

11.. 



















♦ Ift- 





i 










: 







AQ. 338 

Figure 16-20. -Area to be used for time 
measurements. 

Magnification Of Sweep 

A portion of a signal display may be magni¬ 
fied by operating the sweep control to magnifi¬ 
cation (X10). Figure 16-21 shows a signal and 
an investigation of the positive portion of the 

signal is desired. As only the center ^ of the 

sweep will be magnified, the signal should be 
positioned as shown in figure 16-22; then when 
the sweep control is positioned to X10 the re¬ 
sults shown in figure 16-23 are obtained. 

If the time per division in figure 16-22 was 
0.5 f*sec, the magnified sweep rate is 0.05 jxsec 
per division. This magnified sweep rate must 
be used for all time measurements. 

A Sweep Intensified During 
B (A Inten During B) 

It is possible to cause a portion of a display 
to be intensified as shown infigure 16-24. This 
is accomplished by delaying the B sweep. When 
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Figure 16-21. -Noncentered signal. 
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Figure 16-22. -Centered signal. 



497 


Digitized by LjOoq le 








AVIATION FIRE CONTROL TECHNICIAN 1 & C 


the B sweep is commenced after the delay, it 
will appear as an intensified portion of the dis¬ 
played signal. The length of the intensified 
portion is determined by the sweep rate of the 
B sweep control (B TIME/DIV). When B sweep 
only (DELAYED SWEEP (B)) is operated, the 
intensified portion of the display in figure 16-24 
will appear as shown in figure 16-25. Notice 
that the operations of X10 and A INTEN DURING 
B are similar but differ in that in the X10 oper¬ 
ation only the center ^ of the sweep is dis¬ 
played. In the A INTEN DURING B operation, 
the intensified portion may be set to any portion 
of the A sweep. When the operation is shifted 
to B TIME/DIV, the intensified portion will be 
displayed. 



AQ. 342 

Figure 16-24. -B starts after delay time. 
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AQ. 343 

Figure 16-25. -B sweep display. 


Peak-To-Peak Voltage 
Measurements (AC) 

Peak-to-peak voltage measurements of a 
signal, as shown in figure 16-26, are made by 
positioning the lower portion of the signal on the 
bottom graticule line. With the horizontal posi¬ 
tion control set the upper most portion of the 
signal on the center vertical graticule line. 
The number of divisions, and fractional parts, 
may now be counted with fair accuracy. The 
number of divisions are then multiplied by the 
vertical amplifier control (VOLTS/DIV) setting 
to give the peak-to-peak voltage measurement. 
NOTE: The VARIABLE volts per division must 
be in the calibrate (CAL) position for this meas¬ 
urement. This procedure may also be used to 
make measurement between any two points on 
a waveform. 



AQ. 344 

Figure 16-26. -Peak-to-peak voltage 
measurement (a. c.). 


Instantaneous Voltage 
Measurement (DC ) 

The d-c level at a certain point on the input 
signal may be measured by coupling the input 
to the sweep with the AC, GND, DC switch set 
to GND position. Set the bottom of the signal 
on the lower graticule. The vertical position 
control should not be moved after this setting. 
Switch the AC, GND, DC switch to DC. The 
divisions from the lower graticule to the point 
on the signal to be measured is multiplied by 
the VOLTS/DIV setting of vertical amplitude 
control and the product is the d-c level of the 
signal. This is shown in figure 16-27, which 
shows the signal fed in through the GND position 
and set to the lower graticule. Then, in figure 
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16-28, the same signal is fed through the DC 
position. The measurement is made from 
figure 16-28. 



24 

3x5 

= 1.6 

This 1.6 is referred to as the correction factor. 

If a signal is now fed into the same channel 
and appears as shown in figure 16-30, with the 
VOLTS/DIV set at 2, the signal amplitude is 
equal to 

divisions x correction factor x 
VOLTS/DIV setting 

= 2 x 1. 6 x 2 
= 6.4 volts 


AQ. 345 

Figure 16-27. -Lower graticule setting. 



AQ. 346 AQ. 347 

Figure 16-28.-D-c measurement. Figure 16-29.-Reference signal. 


Voltage Comparison Measurements 

In some cases it may be desirable to com¬ 
pare a signal voltage to a reference voltage 
amplitude. A signal of known voltage amplitude 
is displayed on the sweep and the variable volts 
per division is used to set this known signal so 
that the upper and lower portions fall on grati¬ 
cule lines. This is shown in figure 16-29. If 
the known voltage amplitude of the signal is 24 
volts and the VOLTS/DIV switch is set on 5 
volts per division then the corrected volts per 
division is equal to 



reference signal (voltage) 
number of division x VOLTS/DIV setting 


AQ. 348 

Figure 16-30. - Comparison signal. 
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Time-Duration Measurements 

Time - duration measurements between two 
points on a signal may be made by setting the 
TIME/DIV switch so that a display of less than 
eight divisions between the measurement points 
is obtained. Set the vertical position control 
so that the points of measurement fall upon the 
center graticule. Use the horizontal position 
control to set the waveform, as shown in figure 
16-31, so that the first point of measurement 
falls upon the first graticule line. The time 
between the two points is 

TIME/DIV x horizontal divisions 

In figure 16-31, if the TIME/DIV is 0.1 msec, 
the time between the points indicated by the 
dashed lines is 

0.1 msec x 6 
= 0. 6 msec 

If sweep magnification is used (X10) then the 
answer must be divided by 10. That is, if mag¬ 
nification were used to obtain the signal display 
in figure 16-31, the time duration indicated 
would be 

0.1 msec x 6 
10 

= 0. 06 msec 
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Figure 16-31.-Time-duration measurement. 


Frequency Measurements 

Frequency measurements may be made by 
measuring the time duration of one complete 
cycle using the procedures previously men¬ 
tioned and then taking the reciprocal of the time 
measurement. In figure 16-32, if the TIME/ 
DIV is set at 5 m sec, then the time duration is 
5/' sec x 8 divisions which equals 40 m sec. The 
frequency is equal to 

1 

time duration 

= 1 

40 m sec 

= 2. 5 mega hertzs 



AQ. 350 

Figure 16-32.-Frequency measurements. 


Time-Difference Measurements 

The time difference between two separate 
signals may be measured by displaying the sig¬ 
nals as shown in figure 16-33. The channel 1 
only (CH 1) trigger is used and the reference 
signal is coupled to channel 1 input and the other 
signal is coupled to channel 2 input. Either 
ALT or CHOP position of the MODE switch is 
used. The difference between the signals is 
measured in divisions, then this difference is 
multiplied by the TIME/DIV setting. IF X10 is 
used the final time difference is divided by 10. 
If in figure 16-33, the TIME/DIV is 50m sec 
and no magnification is used, the time differ¬ 
ence between the signals is 50Msec x 3. 5 divi¬ 
sions and equals 175 m sec time difference. 
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Figure 16-33.-Time difference measurement. 


Delayed Sweep Time Measurements 

The delayed sweep mode of operation may 
be used to make accurate time measurements. 
The difference in time between two pulses, as 
shown in figure 16-34, is determined by using 
A INTEN DURING B. The B TIME/DIV should 

be set to of the A TIME/DIV sweep rate 

with the B STARTS AFTER DELAY TIME func¬ 
tion in use. The delay time multiplier is used 
to set the intensified portion of the sweep at the 
peak of the first pulse. The horizontal display 
is then switched to DELAYED SWEEP (B). The 
result will be a display as shown in figure 
16-35. The DELAY-TIME MULTIPLIER is po¬ 
sitioned so that the rising portion of the pulse is 
positioned on the vertical centerline as shown. 
The reading of the DELAY-TIME MULTIPLIER 
is noted. The DELAY-TIME MULTIPLIER is 
then positioned so that the second pulse is po¬ 
sitioned as the first pulse was shown. The 
DELAY-TIME MULTIPLIER reading is again 
noted. The difference between the two TIME- 
DELAY MULTIPLIER readings times the A 
TIME/DIV setting gives the time difference be¬ 
tween pulses. In figure 16-34 and figure 16-35, 
with the A TIME/DIV setting of 0. 5 nsec, the 
difference is 

(7.45 - 1.23) x 0.5 
= 3.11 nsec 

Delayed Sweep Magnification 

When higher apparent magnification than 
the X10 magnification will produce is desired 
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Figure 16-34. -Time difference. 
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Figure 16-35. -Magnified pulse 
time difference. 


it may be accomplished by using the A INTEN 
DURING B and the DELAY-TIME MULTIPLIER. 
The signal is displayed, as shown in figure 
16-36, by using the DELAY-TIME MULTIPLIER 
to determine when the intensified portion of the 
sweep starts and using the B TIME/DIV to set 
the length of the intensified portion of the signal. 
When the DELAYED SWEEP (B) control is op¬ 
erated, the result will be the display shown in 
figure 16-37. The apparent magnification of 
this sweep is found by dividing the A TIME/DIV 
setting by the B TIME/DIV setting. If the A 
TIME/DIV is\ 0.1 msec and the B TIME/DIV 
setting is 2 nsec, then the apparent magnifica¬ 
tion is 

0.1 msec 
2 nsec 

= 50 
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AQ. 354 

Figure 16-36. -Signal before magnification. 
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Figure 16-37. -Signal after magnification. 


Triggered Delayed 
Sweep Magnification- 

The difference between this operation and 
the delayed sweep magnification is that in this 
operation the B sweep is triggered after the de¬ 
lay from the signal on the B sweep. This will 
give a more stable B sweep but the B sweep 
trigger controls must be positioned properly. 

Delayed Trigger Generator 

When the A INTENDURING B function is used 
and the A sweep is triggered internally, there 
is available at the B GATE output a triggering 
signal for use with some external equipment. 
The trigger available starts at the beginning of 
the intensified portion oof the A sweep and its 
duration is determined by the B TIME/DIV set- 
tog* If the external equipment responds to pos¬ 
itive going triggers, it will be triggered at the 
beginning of the intensified portion and if it re- 
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sponds to negative going signals it will be trig¬ 
gered at the completion of the intensified portion. 

Trigger Generator 

The oscilloscope may be used to trigger ex¬ 
ternal equipment by the A GATE fed to the ex¬ 
ternal signal source. The A trigger LEVEL 
should be fully clockwise, the A sweep mode to 
AUTO trigger, and the A TIME/DIV to the de¬ 
sired setting. In this case the external signal 
source will be triggered by a signal that has a 
fixed time relationship to the sweep and the sig¬ 
nal source output will be displayed as the oscil¬ 
loscope trace. 

Phase Difference Measurements 

To measure the phase difference between 
two signals of the same frequency the signals 
should be displayed as shown in figure 16-38. 
The signals are fed into channel 1 and 2 respec¬ 
tively with the reference signal preceding the 
comparison signal in time. Set the reference 
signal so that one cycle occupies exactly 9 di - 
visions horizontally. This is accomplished by 
use of the A variable control. Since one cycle 
occupies 9 divisions, each division represents 
40° per division. The phase difference is the 
number of divisions times 40°. In figure 16-38, 
the phase difference is 

400 x 2 = 80 o 

A more accurate measurement may be ob¬ 
tained by using the X10 magnification. In this 
case the phase difference per division will be 
40° v 10 or 4°. 



AQ. 356 

Figure 16-38. -Phasedifference measurements. 
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Unwanted Signal Rejection 

If a signal displayed contains an unwanted 
component, as shown in figure 16-39, the un¬ 
wanted component, in this case a line-frequency 
signal, may be removed by use of the ADD fea¬ 
ture of the oscilloscope. With the signal in fig¬ 
ure 16-39 coupled to channel 1, couple a line 
frequency component to channel 2. Invert chan¬ 
nel 2 and use the ADD position. The signal on 
channel 2 will add to the signal on channel 1 and 
the result will be as shown in figure 16-40. 
This is due to the line-frequency components 
being opposite in polarity and when added they 
cancel each other. 



AQ. 357 

Figure 16-39.-Line-frequency 
component present. 
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AQ. 358 

Figure 16-40.-Line-frequency component 
canceled. 


REPAIR AND CALIBRATION OF 
TEST EQUIPMENT 

The technician is limited to some extent in 
the corrective maintenance that he is able io 
perform on test equipments (and still have them 
function accurately and reliably), principally 
because he does not have the tools and equip¬ 
ment, and sometimes the spare parts, neces¬ 
sary for this specialized form of maintenance. 
Therefore the technician should realize the lim¬ 
itations imposed upon the repair of certain test 
equipments, and in no case should he attempt 
repairs until the applicable Service Instruction 
Manual has been thoroughly read. Particular 
note should be made of possible circuit mis- 
alinement or need for recalibration resulting 
from parts replacement. In the corrective 
maintenance section of the test equipment in¬ 
struction manuals, troubleshooting charts are 
provided for the localization of trouble. When 
charts are supplied, they should be utilized for 
the correction of any trouble. 

REPAIR 

In repairing a piece of equipment a few pre¬ 
liminary tests, along with a logical procedure, 
often serve to locate the source of trouble with¬ 
out the use of extensive test equipment. In 
many cases, the reported symptoms along with 
a few astute observations will indicate the type 
and probable'location of the trouble. Make ob¬ 
servations carefully, and keep the symptoms 
constantly in mind. 

The use of the senses of smell, sight, hear¬ 
ing, and touch often localize the source of trou¬ 
ble rapidly. Unusual odors, such as overheated 
sealing compound, scorched paint, and burning 
rubber are indications of defective components. 
If any component emits any unusual odor, the 
trouble might be in that part or in the associ¬ 
ated circuit. Examine for smoking parts or 
sparking. Notice whether wax impregnated ca¬ 
pacitors have lost any wax-this is usually in¬ 
dicative of a defective capacitor. Hum, scratch 
noises, and other odd sounds should have special 
meaning for the technician, depending upon the 
type of test equipment that is faulty. 

NONSCHEDULED REPAIR OF 
TEST EQUIPMENT 

Naval Air Rework Facilities (formerly called 
O & R departments) of naval and Marine Corps 
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air stations provide a source for "call” type re¬ 
work or repair to meet nonscheduled require- 
ments. Consequently, depot maintenance ac¬ 
tivities are prepared to manufacture M series 
source coded items to satisfy replacement needs 
for operating units. They are also prepared to 
perform rework of specific items urgently 
needed to meet immediate demands where other 
sources are unable to provide support (usually 
AOCP or ANFE parts not available or not in 
stock in supply channels). This type of support 
is classified as "customer service." Operating 
activities are encouraged to apply to Naval Air 
Rework Facilities in accordance with local com¬ 
mand directives for assistance whenever normal 
support channels have demonstrated an inability 
to meet demands. Because the capacity for this 
type of support, in particular, is severely lim¬ 
ited by manpower, material, and funds avail¬ 
able, units requesting customer service should 
exercise thorough self-discipline to insure that 
normal support channels, including the capabi¬ 
lity of lower levels of maintenance in repair or 
manufacturing, have been exhausted prior to 
applying to the depot maintenance facility for 
assistance. On the other hand, because the ca¬ 
pability of each depot maintenance activity is 
so varied and extensive, it is better to err on 
the side of requesting service for which no ca¬ 
pability exists than to assume noncapability when 
the service could be performed. 

Other support includes disassembly inspec¬ 
tions to determine cause for failure or unsatis¬ 
factory performance of an individual item and 
the res ultantdisassembly inspection reports 
(DIR’s), preservation, in-service repairs, in- 
service modifications, and related work. This 
support is controlled by the Naval Air Systems 
Command Representatives within funding and 


man-hour limitations established by the Naval 
Air Systems Command. 

CALIBRATION POLICY 

It is the policy of the Naval Air Systems 
Command that all test and measuring equipment 
under its cognizance be calibrated periodically 
and that participation in the established calibra¬ 
tion program is mandatory for all Naval Air 
Systems Command Headquarters managed acti¬ 
vities and Navy inspection activities. 

Fleet, Reserve, and training units, to which 
NavAir test equipment is provided for deter¬ 
mination of operability andperformance of Naval 
Air material, have the responsibility of insur¬ 
ing that such test equipment is calibrated within 
the specified periods or exchanged for cali¬ 
brated equipment. Each Naval Air Systems 
Command Representative provides for sched¬ 
uling weapon system test equipment, including 
ready-for-issueavionics test sets, into Navy 
calibration laboratories under his cognizance. 
Also they stock and issue labels, tags, and in¬ 
formation pertaining to their use and other tech¬ 
nical data on the NavAir calibration program. 
For further details on the NavAir calibration 
program, refer to NavAir Instruction 4355 
(Series). 

Complete recalibration of test equipment 
should not be attempted by the technician. For 
the most accurate calibration of test equipment, 
precision meters, frequency standards, etc., 
must be used. These precision equipments are 
not usually found in a shop where maintenance of 
aircraft equipment is performed. Accurate 
calibration of the equipment requires the more 
complete testing and calibrating instruments 
which are available at a test equipment repair 
facility 
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CHAPTER 17 


AVIATION SUPPLY 


A Chief or First Class Technician, espe¬ 
cially if in a supervisory billet, will find him¬ 
self increasingly involved in the details of 
supporting the man on the job. One of these 
detail areas is in the field of aviation supply. 

Aviation supply personnel are vital members 
of the aircraft maintenance team; and the tech¬ 
nician, as well as the other aviation mainte¬ 
nance ratings, must work in close harmony 
with them if successful teamwork is to be 
achieved. The team must work so that a flow 
of parts is maintained from the manufacturer 
to the man on the job-quite possibly a tech¬ 
nician doing repair work on the other side of 
the world. A correct concept of supply's 
relationship to the entire organization is essen¬ 
tial in the supervision of aircraft maintenance 
functions. 

ORGANIZATION 

The Aviation Supply Office (ASO) was estab¬ 
lished in 1941 under the technical control of 
BuAer and the management control of BuSandA. 
The function of ASO was the procurement, 
custody, and issuance of aeronautical spare 
parts and technical material. This is essen¬ 
tially the function of ASO today under the tech¬ 
nical control of the Naval Air Systems Com¬ 
mand. Management control is still vested in 
the Naval Supply Systems Command. 

RESPONSIBILITIES OF THE 
NAVAL SUPPLY SYSTEMS COMMAND 

The general functions of the Naval Supply 
Systems Command within its areas of respon¬ 
sibility include many that are not of primary 
interest to aviation personnel in that they are 
not related to aircraft maintenance. Listed 
below are some of the more important general 
functions of the Naval Supply Systems Com¬ 
mand: 

1. Supervises the procurement, receipt, 
custody, warehousing, and issuance of Navy 
supplies and materials, exclusive of ammuni¬ 
tion, projectiles, mines, explosives, and med¬ 
ical supplies. 


2. Supervises and directs the operation of 
the supply phases of the Navy Supply System 
and administers the redistribution program of 
excess personal property within the Department 
of Defense and the sale of Navy surplus prop¬ 
erty. 

3. Authorizes and supervises the transpor¬ 
tation of Navy property. 

4. Prepares budget estimates and admin¬ 
isters funds for the supply distribution system. 

5. Renders an annual report to the Con¬ 
gress of money value of supplies on hand at 
the various stations at the beginning of each 
fiscal year, the disposition thereof, purchase 
and expenditure of supplies for the year, and 
balance pn hand. 

6. Coordinates the compilation and arranges 
for the printing of the Catalog of Navy Material. 

Some additional functions of the Naval Sup¬ 
ply Systems Command that are of interest to 
naval aviation maintenance personnel are the 
general functions of ASO. These include the 
following: 

1. Responsibility for overall determination 
of requirements, procurement, and distribu¬ 
tion of standard aeronautical materials. (Cer¬ 
tain materials excepted; e.g., complete air¬ 
craft and engines, complete electronic equip¬ 
ment, major photo equipment, nonstandard 
and experimental aerological equipment, and 
items of naval weapons ordnance equipment.) 

2. Maintenance of a complete file of ASO 
and Naval Air Systems Command contracts, 
letters of intent, amendments, extensions, and 
change orders, and distribution of copies of 
documents necessary to Navy field activities. 

3. Stock control of aeronautical materials 
at all aviation supply facilities, including con¬ 
trol of packing, preservation and distribution 
of material under ASO cognizance to, from, 
and between aviation supply facilities and major 
supply points. 

4. Maintenance of complete records of 
material on order and followup procedure 
necessary to effect timely deliveries for all 
material under ASO cognizance. 

5. Maintenance of up-to-date records of 
existing storage facilities at depots, major 
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supply points, and operation stations for aero¬ 
nautical materials, and control of influx of 
materials in aviation supply channels so as not 
to exceed existing storage facilities. 

6. Determination and disposition of obso¬ 
lete and excess aeronautical material under 
the Naval Air Systems Command cognizance. 

7. Preparation and distribution of the 
Navy Stock List of the Aviation Supply Office, 
including interchangeability data. 

8. Compilation and distribution of some 
allowance lists subject to approval by the 
Naval Air Systems Command. 

9. Compilation of lists of spare parts to be 
salvaged from surveyed aircraft. 

10. Followup on delivery, stock recording, 
reallocating as necessary, and distributing 
change material promulgated by the Naval Air 
Systems Command. 

11. Establishment and maintenance of a 
statistical unit which assemblies, compiles, 
and analyzes usage data. 

12. Maintenance of a representative at each 
aircraft manufacturer’s plant who keeps ASO 
fully informed, as requested, as to all changes 
which affect spare parts under procurement. 

13. Establishment of an inspection service 
which inspects aviation supply activities within 
established naval districts. 

APPROPRIATIONS 

At one time or another, almost everyone 
has had the frustrating experience of not being 
able to draw from supply some item that he 
thought necessary to have immediately; the 
usual reason given being, "We don’t have any 
money left." It takes only a short time to 
realize that the Navy does not operate with 
unlimited funds. This section and the following 
section, titled "Allotments," are presented to 
further an understanding of the system whereby 
funds are made available at the user activity 
level for operating expenses. 

The main money pool of the government is 
the General Fund of the Treasury. Funds come 
into the General Fund from such sources as 
income taxes, excise taxes, import-export 
taxes, etc. The only way for money to be 
expended from the General Fund is by con¬ 
gressional action, which has to be approved by 
the President. A bill passed by Congress 
which includes the expenditure of funds from 
the General Fund is called an appropriation. 

An estimate of the amount of money required 
for the operation of the Defense Department 


during a given fiscal year is prepared by 
Department of Defense fiscal experts well in 
advance of the beginning of the fiscal year. 
The Congress studies the proposed budget in 
the light of world affairs, the current domes¬ 
tic economy, and such other considerations as 
they see fit, then acts upon it. They may 
increase the amount requested, decrease it, 
or pass it as is. After presidential action is 
completed, the money is made available to the 
Department of Defense to be spent during a 
specified year. This is known as an "annual" 
or "1-year" appropriation. 

Congress and the President may also 
approve "no-year" appropriations for special 
projects such as large construction over an 
unspecified length of time. Another form of 
appropriation is the "multiple-year" appro¬ 
priation for projects which will be completed 
in a predictable length of time. An example of 
this type of appropriation might be the money 
appropriated to cover the expenses of the 
NROTC college programs for the next 4 years. 

The appropriation by which the technician 
is most affected is the current year appro¬ 
priation. After the appropriation or expend¬ 
iture authorization is received in the Depart¬ 
ment of Defense, it is prorated among the 
services as a percentage of their previously 
submitted budget estimates. The Navy’s share 
is prorated among the various bureaus and 
commands in essentially the same manner; 
that is, as a percentage of their estimated 
requirements for the coming fiscal year. The 
money to be spent for naval aviation is made 
available to the Naval Air Systems Command. 
Here, part of the money is allocated to ASO 
for the purchase of aircraft spare parts in 
quantities which past usage data has indicated 
will probably be sufficient for the coming year. 
These spare parts are furnished to the oper¬ 
ating activities at no cost, since their usage 
has been anticipated and the items paid for in 
advance. The account from which money was 
spent to buy these items is known as the Appro¬ 
priation Purchase Account. Material received 
in the user activities from this account is 
known as APA material. 

Another part of the Naval Air Systems Com¬ 
mand funds is made available to the operating 
activities in the form of allotments. 

ALLOTMENTS 

Allotments concerning naval aviation are 
authorizations by the Naval Air Systems 
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Command to the user activities to spend a cer¬ 
tain amount of moAey during a given length of 
time for specific purposes. User activities are 
shore commands, which operate aircraft, and 
the major air type commanders. Major air type 
commanders are Commander, Navai Air Force, 
Atlantic (ComNavAirLant); Commander, Naval 
Air Force, Pacific (ComNavAirPac); Chief of 
Naval Air Training (CNATra); and Chief of 
Naval Air Reserve Training (CNAResTra): Op¬ 
erating funds for squadrons and units are appor¬ 
tioned to them by their type commander as an 
Operating Target (OPTAR). Routine nonaviation 
expenses for operating squadrons and units are 
absorbed by the ship or station to which assigned. 

There are three types of allotments-opera¬ 
tion and maintenance, operation and line main¬ 
tenance of aircraft, and aviation fleet mainten¬ 
ance. These three allotments are of particular 
concern to the technician and are discussed 
further. 

Operation and Maintenance Allotment 

Funds in this allotment are made available 
to commanders of the shore establishment to pay 
their operating expenses, exclusive of aircraft 
operating expenses. This money is used to pay 
civilian labor, buy office supplies, and to pay 
for all other upkeep and housekeeping supplies. 
Squadrons aboard the station have no allotment 
of this type and are dependent on the station for 
their support. A segment of the station’s allot¬ 
ment is allocated to the squadrons for their non¬ 
aviation routine expenses. Funds from this 
source are generally scarce, but it is possible 
by careful management to make them last through 
the specified spending period. Shore command¬ 
ers, in some cases, may elect to provide basic 
supplies in limited amounts to the tenant activi¬ 
ties without providing any funds which the squad¬ 
ron or unit can spend as needed. 

Operation and Line Maintenance 
of Aircraft Allotment 

Major air type commanders and shore com¬ 
mands which operate aircraft are furnished this 
allotment by the Naval Air Systems Command. 
The OPTAR provided to fleet squadrons and units 
by their type commanders is usually a monthly 
segment of these funds. Unused funds revert to 
the control of the type commander as each new 
OPTAR is authorized. Type commanders pro¬ 
vide OPTAR’s to all squadrons and units under 
their operation control, whether or not the user 


activity is based ashore. Shore station com¬ 
manders have no responsibility for providing 
money for the operation and line maintenance 
of aircraft of tenant fleet activities. 

Funds allotted for the operation and line 
maintenance of aircraft may be used to buy any 
type material as long as the material is used 
for the purpose of the allotment. By far the 
greatest expenditures against this account are 
for fuel and oil. Other materials that may be 
purchased with this allotment include rags, 
aircraft paints, preservatives, crewmen's 
flight clothing, or anything else that is con¬ 
sumable due to its use on or about the aircraft. 

Aviation Fleet Maintenance Allotment 

Air type commands are furnished this allot¬ 
ment by the Naval Air Systems Command, then 
the Air type command will furnish funds to ships 
by OPTAR, and fleet support stations are fund¬ 
ed by suballotment. These funds are provided 
to finance the cost of intermediate and organi¬ 
zational levels of maintenance. These costs in¬ 
clude the following: 

1. Technical repair parts, common hard¬ 
ware, lubricants, cleaning agents, cutting com¬ 
pounds, metals, etc., incorporated into or ex¬ 
pended in the performance of aviation mainten¬ 
ance of aircraft, aircraft engines, aeronautical 
components and subassemblies, and Navy 
maintenance of the Naval Air Systems Com¬ 
mand authorized maintenance support equip¬ 
ment. 

2. Fuels and lubricants consumed by air¬ 
craft engines in the performance of complete 
section repair. 

3. Preexpended, consumable maintenance 
material. 

4. Replacement of consumable/expendable 
allowance list items (Material Accountability 
and Recoverability Codes ”B’’ and ”C”). 

DISTRIBUTION SYSTEM 

The aviation supply distribution system con¬ 
sists of reserve stock points, primary stock 
points, secondary stock points, and satellites. 
These are discussed briefly in the following 
paragraphs. 

1. RESERVE STOCK POINTS carry re¬ 
serve and backup stock for the aviation supply 
system. The range and quantity of stock are 
determined by the Aviation Supply Office. Re¬ 
serve stock points provide storage facilities 
for bulk material. 
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2. PRIMARY STOCK POINTS carry stock 
for their own consumption. They may be des¬ 
ignated as support activities for secondary 
stock points, for fleet units, and/or yard and 
district craft in the area. 

3. SECONDARY STOCK POINTS carry stock 
for their own consumption as well as stock for 
aircraft and assigned yard and district craft. 

4. SATELLITES are aviation activities 
which are dependent for support on a primary 
or secondary stock point. Satellites are usu¬ 
ally minor activities and normally receive their 
supply support on a retail issue outlet basis. 

As far as the consumers are concerned, they 
may be assigned to any of the primary, second¬ 
ary, or satellite stock points for supply support. 
The same basic principles will affect your 
supply support. (Hereafter in this training 
manual, they are referred to as field supply 
points.) 

MATERIAL IDENTIFICATION 

As aviation maintenance personnel, we will 
be working closely with the aviation storekeep¬ 
ers in keeping aircraft in an "up” status. In 
order to obtain replacement parts as rapidly as 
possible, we must know how to determine the 
source of supply of different items. For ex¬ 
ample, we may waste many hours trying to find 
out that the item is to be manufactured within 
our own activity. Also, it is important to know 
the correct stock number and cognizance sym¬ 
bols used to requisition items from supply. 

The cataloging system developed by the De¬ 
partment of defense is such that it identifies 
with one name and stock number any item of 
supply that is carried in any or all government 
agencies. In the procurement of material it is 
normally necessary to identify your material 
requirement in the medium understandable to 
the supply system. 

FEDERAL STOCK NUMBERS 

Prior to 1952 each of the services had its 
own numbering system for idenfitying, cata¬ 
loging, stocking, and issuing items of military 
supply. It was not unheard of that one service 
would be negotiating on the open market for an 
item that was held in surplus by another service 
under its own stock number. This confusion 
resulted in the passage in 1952 of the Defense 
Cataloging Standardization Act. 

The implementation of this Act has resulted 
in a reduction of item duplication between the 


services by providing for one Federal Stock 
Number (FSN) for each item, regardless of the 
use of the item or the using activity. 

Coded Federal Stock Number 

The federal stock number consists of an 11- 
digit number. The Aviation Supply Office uses 
federal stock numbers with prefixes composed 
of one, two, or three symbols, and suffixes 
composed of four characters which may be all 
letters or a combination of letters and numbers. 
When the prefixes and suffixes are used, the 
federal stock number becomes a coded federal 
stock number. A coded federal stock number 
and its breakdown is shown in figure 17-1. 

If a 1-symbol prefix is used, it designates 
the command or office having control or cog¬ 
nizance of a particular item. Listed below are 
some of the more common cognizance symbols, 
together with the type material controlled and 
the name of the cognizant command or office. 


SYMBOL 

COGNIZANT 

ACTIVITY 

MATERIAL 

CONTROLLED 

2R 

Aviation Supply 
Office 

Aeronautical 

material 

2V 

Naval Air Systems 
Command 

Major aero¬ 
nautical 

equipment 

IN 

Electronics Supply 
Office 

Electronic 
assemblies 
and repair 
parts 

1W 

Fuel Supply 
Office 

Fuels, lubes, 
and gases 

11 

Navy Supply Depot, 
Philadelphia 

Forms 

01 Navy Supply Depot, Publications 

Philadelphia 

Many variations of coded stock numbers will 


be encountered in field maintenance work. These 
variations indicate material management re¬ 
sponsibilities for the item; flag certain items 
as recoverable, consumable, high value, etc.; 
and identify the condition of the material if it is 
not ready for issue. Some of the more common 
codes that a technician is likely to encounter in¬ 
clude the following: 

RH—a recoverable aeronautical component of 
high value. 
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2R H F 1560 - 123 - 4567 - ABEL 

"" J Tt~ IT T 

11 1 —Technical Supply Management 

Code (TSMC)—ABEL 

—Federal Item Identification Number 
(FUN)-123-4567 

—Federal Supply Classification Code (FSC)—1560 
—Federal Group Code—15 
—Material Condition Code— F 
—Material Control Code—H 
—Cognizance Symbol— 2R 


Figure 17-1. -Breakdown of Coded Federal Stock Number. 


2RHF—a recoverable aeronautical compon¬ 
ent of high value that is not ready for issue. 

Because the variety of codes is so extensive 
and the trend to single service management of 
items has caused so many changes in recent 
years, a list of codes that might be prefixed or 
suffixed to a stock number would not be appro¬ 
priate for this manual. The primary things to 
keep in mind are that the basic stock number, 
consisting of three groups of numerals, iden¬ 
tifies the item from a technical point of view 
and that the other codes identify material man¬ 
agement characteristics. 

With the advent of the single manager con¬ 
cept, many items formally carried in the indi¬ 
vidual Navy Stock Lists are cataloged in the 
Federal Supply Catalog for General Supplies. 
The complete catalog consists of many sections 
and is arranged by federal supply classifica¬ 
tion class. 

MATERIAL IDENTIFICATION AIDS 

There may be times when a part or some 
technical material is needed and the stock num¬ 
ber is unknown. At other times some material 
may be on hand and its identity is not positively 
known. A knowledge of the several methods by 
which material may be identified is very help¬ 
ful in speeding the completion of a maintenance 
task. There are many ways in which material 
may be identified. Certain data may be avail¬ 
able which does not identify an item but may 
lead to positive identification. An aircraft part 
has a part number. The part number may be 


AQ. 359 

looked up in the IPB and identified by nomen¬ 
clature and often by the stock number. If the 
stock number is not furnished in the IPB, it may 
be found by referring to the Cross-Reference 
Section C0006 of the Navy Stock List of ASO. 

Some equipments have attached nameplates 
which provide such information as the manu¬ 
facturer's name, make or model number, serial 
number, size, voltage, phase, etc. Identifica¬ 
tion data taken from the nameplate of the old 
part can be very helpful in procuring a replace¬ 
ment. 

When only the description of the item is 
known, the best source for identification is the 
descriptive sections of the various Navy Stock 
Lists. 

Various publications used in identifying ma¬ 
terial are described in the following paragraphs. 

NAVSUP PUBLICATION 2002, SECTION 
VHI, PARTS C and D, contains a complete nu¬ 
merical listing of all available naval aeronautic 
publications distributed by Naval Air Systems 
Command. This stock list is supplemented by 
and should be used in conjunction with NavAir 
00-500A, Equipment Applicability List, and 
NavAir 00-500B, Aircraft Application List. 
These lists are handy references to publications 
that should assist you in the identification of 
material. 

ILLUSTRATED PARTS BREAKDOWN (IPB) 
lists are probably the most important tool for 
the identification of aeronautical material. As 
a senior Petty Officer, you are undoubtedly 
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familiar with them. However, due to the im¬ 
portance attached to them as a material identi¬ 
fication source, they are discussed briefly in 
the following paragraphs. 

IPB’s are compiled by the manufacturer for 
each aircraft model in naval use. IPB’s, as 
discussed here, encompass IPB’s for aircraft, 
IPB’s for aircraft engines, and IPB’s for indi¬ 
vidual accessories and equipments. 

Although slight variations in format exist 
among the various IPB's, each normally in¬ 
cludes the following major sections: 

l. TABLE OF CONTENTS-This section 
shows the breakdown of the catalog into sec¬ 
tions and furnishes a cross-reference between 
the various assemblies and figures where they 
are illustrated. The section also cross-refer¬ 
ences assemblies and pages where they are 
broken down into subassemblies and parts. 

n. INTRODUCTION—This section includes 
general information and instructions for using 
the publication. Because variations between 
IPB’s do exist, this section should be referred 
to prior to using an IPB with which you are not 
thoroughly familiar. 

m. GROUP ASSEMBLY PARTS LIST-This 
section is the main text of the publication. it 
consists of a series of illustrations and parts 
lists in which all parts of the aircraft/engine/ 
equipment are shown in assembly breakdown 
order. The illustrations and parts lists are 
keyed to each other by means of figure and in¬ 
dex numbers. Each assembly included in the 
parts lists is followed immediately by its com¬ 
ponent parts properly indented to show their re- 
lationshipto the assembly. The group assembly 
parts list is subdivided into groups such as wing 
group, tail group, and fuselage. 

IV. NUMERICAL INDEX-This section lists 
all parts in alphanumerical order, and each 
part is cross-referenced to the figure and index 
number where it is illustrated. This list also 
shows the official source code of each part 
listed in the applicable IPB. 

Source codes are codes which indicate to a 
consumer a source for a part required in the 
maintenance of repair of an aeronautical article. 
They are provided in six series-P, M, A, N, 
X, and U. 

The REFERENCE DESIGNATOR INDEX, nor¬ 
mally the last section of the IPB, is a listing of 
reference designators (C104, R603, K2Q2, etc.) 
used on the electrical and electronic wiring dia¬ 
grams. The reference designator index will aid 


in the location of parts where only the reference 
designation number is known. 

Source Code P series parts are parts of 
supply system stock which are purchased. 

Source code M series applies to parts which 
are not purchased but are capable of being man¬ 
ufactured at Navy fleet or overhaul activities 
(MF, MO, or MOA). 

Source code A series applies to assemblies 
which are not purchased. 

Source code N applies to nonstock items 
which are purchased on demand. 

Source code X applies to main structural 
members or similar parts, which, if required, 
would suggest extensive repair. The need for a 
part or parts coded X normally results in a 
recommendation for complete overhaul or re¬ 
tirement of the equipment from service^_ 

Source code XI applies to items for which 
purchase of the next larger assembly, source 
coded in the P series, is justified. 

Source code X2is applied to items which are 
not purchased for stock, but may be acquired 
for use through salvage or one-time purchase. 
Activities requiring such items should attempt 
to obtain them from salvage; if not obtainable 
from salvage or readily manufactured, such 
items may then be requisitioned through normal 
supply channels with supporting justification. 
Repeated requisitions could justify a change to 
the P series code. 

Source code U applies to parts which are not 
of supply or maintenance significance, such as 
installation drawings, diagrams, instruction 
sheets, etc. 

Within each of the source code series listed 
above there are one or more subcodes identified 
by a letter or number appended to the basic code 
letter. These subcodes provide detailed infor¬ 
mation concerning the procurement or manu¬ 
facture of various parts within the scope of the 
particular code series. The introduction sec¬ 
tion of the applicable IPB provides a ready ref¬ 
erence for each of the codes and subcodes as 
required. 

Aeronautical Allowance Lists 

Aeronautical allowance lists as used in this 
manual include NavAir Allowance Lists, NavAir 
Initial Outfitting Lists, and NavAir Tables of 
Basic Allowance. 

Aeronautical allowance lists are lists of 
equipment and material, known or estimated to 
be required, to place and maintain aeronautical 
activities in a material readiness condition. 
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These lists contain substantially all items used 
with sufficient frequency to justify their issuance 
to all activities maintaining aircraft or equip¬ 
ment for which the lists are designed. They 
also contain information concerning stock num¬ 
ber, nomenclature, interchangeability, and 
supersedures. These publications are further 
defined in subsequent paragraphs. Keep in 
mind that allowance lists normally contain sup¬ 
port equipment allowed to maintenance person¬ 
nel consistent with their assigned level of main¬ 
tenance. Initial outfitting lists contain material 
of a spare parts nature required for maintenance 
of aircraft/equipments. Materials listed in the 
initial outfitting lists normally are held in supply 
stocks and under most conditions are not au¬ 
thorized shop spares. 

Allowance lists indicate the range and quan¬ 
tities of support equipment considered necessary 
for maintenance support of assigned and/or sup¬ 
ported aircraft. Generally, these items are in- 
use items required for daily or continual use, 
such as handtools and avionics test equipment. 

Initial outfitting lists (IOL’s) are publica¬ 
tions which indicate the range and quantities of 
maintenance spare parts considered necessary 
to support various aeronautical articles. This 
material is provided to vessels or activities and 
is firm only at the time of initial outfitting. In¬ 
creases and decreases in both range and/or 
quantities of material are based upon the ex¬ 
perience (demand history) of each activity con¬ 
cerned. Each series list is designed to support 
an aircraft, electronic equipment, or some 
other aeronautical article. The allowances of 
material are established for various articles 
for a 90-day period. All items capable of re¬ 
placement by a maintenance activity are not 
listed, but rather, only those that are expected 
to be used at least once in 9 months. 

Publications listing equipment and material 
required for performance of specific functions 
are known as Tables of Basic Allowance. They 
contain both shop equipment and common sup¬ 
porting spare parts. They cover allowances of 
tools and equipment required for use by such 
activities as Fleet Marine Force squadrons and 
guided missile activities. 

Initial Outfitting Lists and Allowance Lists 
are identified by the publication number NavAir 
00-35Q, series while Tables of Basic Allow¬ 
ance are identified by the publication number 
NavAir 00-35T series. Those allowance lists of 
primary interest are listed in the following 
paragraphs: 


Section "A" Initial Outfitting List (NavAir 00- 
35QA-1)- 

Lists standard aeronautical and Navy stock 
account material common to the designated 
aircraft classes. 

Section "B” Initial Outfitting List (NavAir 00- 
35QB)- 

Series lists peculiar maintenance parts (air¬ 
frame, engine, accessories) required for 
support of specific aircraft models. (In¬ 
cludes lists for certain target aircraft and 
guided missiles.) 

Section "BR" Initial Outfitting List (NavAir 00- 
35QBR)- 

Series lists peculiar maintenance parts (air¬ 
frame, engine, accessories, electronics) 
required for support of concerned target air¬ 
craft model, drone helicopter, or guided 
missile. (Prepared in lieu of separate Sec¬ 
tion "B" for airframe, engine, accessories, 
and Section "R" lists for electronic parts 
due to limited installation of electronic 
equipment.) 

Section "G" Allowance List (NavAir 00-35 QG)- 
Series lists general maintenance support 
equipment and handtools required for inter¬ 
mediate and organizational levels of main¬ 
tenance support of aircraft. 

Section "R" Initial Outfitting List (NavAir GO- 
35 QR-4)- 

Lists general aeronautical electronics ma¬ 
terial common to and required for main¬ 
tenance of avionics equipment and systems. 
Section "R" Allowance List (NavAir 00-35QR- 
5)- 

Lists avionics support equipments required 
for maintenance of installed avionics equip¬ 
ment and systems. A confidential supple¬ 
ment to NavAir 00-35QR-5 is issued as a 
separate publication. 

Section "R" Initial Outfitting List (NavAir 00- 
35QR-5A)- 

Lists peculiar parts required for mainten¬ 
ance of electronic test equipments authorized 
in NavAir 00-35QR-5. 

Section "R" Initial Outfitting List (NavAir 00- 
35QR-6)- 

Lists aeronautical electronic accessories 
common to designated aircraft classes. 
Section "R" Initial Outfitting List (NavAir GO- 
35 QR-7)- 

Lists electron tubes required in the main¬ 
tenance of aeronautical equipment utilizing 
such tubes. 

Section "R" Initial Outfitting List (NavAir 00- 
35QR-30)- 
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Series lists peculiar parts, spare compon¬ 
ents, assemblies, and subassemblies re¬ 
quired for maintenance of appropriate aero¬ 
nautical electronic equipments. 

Section "T" Allowance List (NavAir 00-35QT)- 
Series lists special maintenance support 
equipment required for intermediate and or¬ 
ganizational levels of maintenance of air¬ 
frames, powerplants, accessories, avionics 
equipment, and/or aircraft model to which 
the list applies. 

Section "X" Initial Outfitting Allowance List 
(NavAir 00-35QX-30) 

Series lists peculiar parts, spare compon¬ 
ents, assemblies, and subassemblies re¬ 
quired for maintenance of the armament, fire 
control, instrument, or electrical system 
to which the list applies. 

Section "Z" Initial Outfitting List (NavAir 00- 
35QZ)- 

Series lists peculiar parts for electric 
power-plants, special and general aircraft, 
and guided missile support equipment. 
Tables of Basic Allowances (NavAir 00-35T)- 
Series (T-37-1, T-37-2, T-37A, T-38, T- 
39, T-40, and T-41) lists equipment and 
material required by activities to which the 
list applies for performance of assigned 
mission. Lists presently in effect relate to 
the following activities: 

T-37-1, T-37-2-Fleet Marine Force Avia¬ 
tion Units. 

T-37A-Fleet Marine Force Aviation Units 
(Supply Officers' material and equip¬ 
ment). 

T-38-Target Pilotless Aircraft Activities; 
Drone Aircraft Catapult Control Craft; 
Navy Tactical Control Squadrons. 
T-39-Regulus Guided Missile Activities. 
T-40-Air-Launched Guided Missile Act¬ 
ivities. 

T-41-DASH Weapons System Operational 
and Maintenance Activities 

Stock Catalogs 

Stock catalogs provide information necessary 
to procure items for operation and maintenance 
of activities afloat and ashore. The stock cata¬ 
logs commonly used by aviation maintenance 
personnel are the Federal Supply Catalog for 
General Supplies and the Navy Stock List of 
ASO for aeronautical material. 

The Navy Stock List of ASO is divided into 
four parts, each consisting of several volumes. 
Many of these stock list sections are designed 


for supply management purposes and have very 
little significance to maintenance personnel. 
The sections normally utilized by maintenance 
personnel include the following: 

1. Sections C0006 and C0009 are cross- 
reference sections. The section C0006 is used 
to cross-reference a manufacturer's part num¬ 
ber to a federal stock number. The section 
C0009is usedto cross-reference a federal stock 
number to a manufacturer's part number. These 
are multiple volume sections and are not nor¬ 
mally available in individual shops, but may be 
available in a centralized area for use by sev¬ 
eral shops. These sections are published 
annually with cumulative supplements being 
issued monthly. 

2. Parts list sections provide supply data 
to supplement information contained in the Illus¬ 
trated Parts Breakdown. These sections con¬ 
tain valuable information relative to application 
and interchangeability. Parts list sections are 
set up by TSMC. Each section contains an 
application checkoff list, a listing of repairable 
assemblies, and a listing of supporting spare 
parts. 

3. Descriptive sections are used when only 
the item nomenclature and physical character¬ 
istics ai® known. Illustrations are provided to 
aid in the identification of items that cannot be 
defined by words. The descriptive sections are 
established by federal supply classification 
class. 

MATERIAL REQUISITIONING 

Maintenance personnel are apt to encounter 
a variety of local requisitioning channels; all 
designed to present a demand for an item to the 
supporting supply department. Assigned levels 
of maintenance, geographical location of shops 
relative to supply facilities, and mission of 
activities requiring support all influence the 
local requisitioning channels. Local instruc¬ 
tions normally promulgate detailed procedures 
for submitting your demand to the appropriate 
supply point. 

SUPPLY ACTIVITY 

The mission of the supply activity is to sup¬ 
port the operational and maintenance efforts of 
the activity/ship. Stocks of aviation oriented 
material carried are tailored and replenished to 
to this end. Positioning, replenishment, and 
control of stocks of material in maintenance 
area are carried out as a result of joint decis¬ 
ions by the Supply and Maintenance Officers 
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concerned. They determine the range, depth, 
and related procedures. The Navy Maintenance 
and Material Management System (Aviation) re¬ 
quires that the cost of materialusedin mainten¬ 
ance be determined and accumulated in such 
manner and detail that weapons system costing 
can be measured. Usage is finely defined as to 
stock number, within component, within equip - 
ment/weapon/4ircraft, inaparticular squadron, 
located in a specific operational area, at a 
definite point in time. These data are used as 
an inventory management tool to determine geo¬ 
graphic and strategic distribution of stocks of 
material. In addition, the data will be invalu¬ 
able in establishing the material portions of 
work standards in maintenance. 

Supply Support Center 

Maintenance organizations have one single 
point of contact with the supporting supply 
activity. This single supply contact point is the 
Supply Support Center (SSC) which responds to 
all material requirements of the maintenance 
organizations. The SSC is an internal organiza¬ 
tion of the local supply activity. It is made up 
three sections-the Supply Response Section, 
(SRS) the Component Control Section, (CCS) and 
the Supply Screening Section (SSS). 

Supply support is available consistent with 
the operating hours of the maintenance activities 
supported. If maintenance is being performed 
24 hours a day, then supply support is available 
24 hours a day. 

The supply support center maintains rota¬ 
table pool material which consists of repairable 
ready-for-issue items reserved primarily to 
satisfy the requirements of organizational level 
maintenance. Items maintained in the pool are 
capable of being repaired by the local inter¬ 
mediate maintenance activity, have application 
relationship to weapon systems supported by 
local intermediate maintenance activities, and 
have an average organizational maintenance 
level removal rate of at least one per month. 
Defective components are turned in to interme¬ 
diate level maintenance for repair. The defec¬ 
tive components repaired to an RFI condition 
are then returned to the rotatable pool to re¬ 
place the components previously issued. 

Low value, fast moving consumable items 
are preexpended from supply. Such materials 
are located in the maintenance area. The es¬ 
tablishment, maintenance, and replenishment 


of preexpended bins are the responsibility of 
the supply organization. 

SUPPLY RESPONSE SECTION-The Supply 
Response Section (SRS) is responsible for pre¬ 
paring all necessary requisitions (DD Form 
1348) and related documents required to obtain 
material for local maintenance use in direct 
support of weapon system maintenance. The 
maintenance organization verbally notifies the 
supply organization of the need for such ma¬ 
terial. When material is available locally, the 
time frame for processing and delivery is as 
follows: 


Priority 

Process/Delivery 


Time 

1-3 

1 hour 

4-8 

2 hours 

9-20 

24 hours 

Otherwise, the 

time frames as noted 


table 17-1 will apply. 

The SRS is responsible for receipt, storage, 
and issuance of all ready-for-issue pool com¬ 
ponents. It is responsible for physical delivery 
of RFI material to maintenance organizations, 
and the pickup of defective components from the 
organizational maintenance activity and subse¬ 
quent delivery to the intermediate maintenance 
activity. Actual maintenance personnel are not 
involved in the physical movement of material 
between organizations. 

This section also performs technical re¬ 
search in regard to completion of requisition 
documents as well as determining the status of 
outstanding requisitions and relaying this status 
to the customer upon request. 

COMPONENT CONTROL SECTION.-The 
Component Control Section (CCS) accounts for 
all components being processed in the interme¬ 
diate maintenance activities. This section also 
records on the status of all rotatable pool 
components. 

SUPPLY SCREENING SECTION. -The Supply 
Screening Section (SSS) is responsible for initi¬ 
ating disposition action on components that can¬ 
not be repaired by the local intermediate main¬ 
tenance activity. Using listings and directives 
from inventory managers, screening personnel 
determine disposition of components in ques¬ 
tion, including prospective consignee and pack¬ 
aging, and preservation requirement prior to 
movement of material. 
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Table 17-1.-Processing time frames. 


Issue Group 

Issue Priority 
Designator Range 

Supply Source 
Processing 

CONUS On 
Station Time 

Overseas On 
Station Time 

1 

1-3 

24-day workweek 
24-hour day 

7-day workweek 

120 hours 

168 hours 

2 

4-8 

72 hours 

24-hour day 

7-day workweek 

8 days 

15 days 

3 

9-15 

10 days 

8-hour day 

5-day workweek 

20 days 

45 days 

4 

16-20 

12 days 

8-hour day 

5-day workweek 

30 days 

60 days 


MATERIAL CONTROL OFFICER 

The Material Control Officer in a mainte¬ 
nance activity is an assistant to the Mainte¬ 
nance/Material Control Officer, as such pro¬ 
vides support and services to the production 
divisions. Material Control exists for the pri¬ 
mary purpose of insuring that maintenance re¬ 
quirements for parts and materials are made 
known to the supply organization in a timely 
manner in order to prevent work stoppages and 
grounding aircraft. Material Control insures 
that parts and materials made available to 
maintenance are systematically utilized and not 
allowed to accumulate or to become depleted. 
It serves as the, single point of contact within 
the maintenance organization for the conduct of 
business with the supply organization. 

Material Control provides material support 
to their cognizant organization by accomplish¬ 
ing the following general functions: 

1. Pass all requirements for material re¬ 
quired for direct support of weapon system 
maintenance to the SSC. A material control 
register is maintained for these items. 

2. Prepare documents for materials re¬ 
quired for indirect support of weapon system 
maintenance. Examples of materials for which 
documents are to be prepared are aviation fuels 
and lube oils, rags, and flight jackets. A sep¬ 
arate requisition record log is maintained for 
these items. 

3. Maintain liaison with the supporting SSC 
on maintenance material matters to insure that 


material needs of the organization are satisfied. 

4. Establish delivery points for all mate¬ 
rial and insure that material received is ex¬ 
peditiously routed to the applicable work center. 

5. Furnish technical advice and information 
to the supply activity on the identity and quantity 
of supplies, spare parts, and materials re¬ 
quired for maintenance actions. 

6. Establish procedures to insure the peri¬ 
odic inventory of tools and the adequate account¬ 
ability of material and equipment on custody to 
the cognizant organization. 

7. Initiate surveys in the event of loss, 
damage, or destruction of accountable material. 

8. Keep maintenance control advised of the 
overall supply situation as it affects the activity. 

9. Perform cost and allotment record ac¬ 
counting, charting, and budgeting of cost appli¬ 
cable to the cognizant organization. 

10. Monitor the operation of toolrooms and 
maintain support equipment allowance lists. 

11. Maintain inventory control of authorized 
allowances of material. 

The Material Control is responsible for the 
coordination of material ordering, receipt, and 
delivery. This is,done in such a manner as to 
insure that the correct material is ordered and 
that it reaches the work center within the spec¬ 
ified time frame. 

The foregoing functions of the material con¬ 
trol division apply to both organizational and 
intermediate level activities. Some of the func¬ 
tions which are applicable to one level only are 
listed in the following paragraphs. 
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Intermediate Level 

An Administrative Screening Unit has been 
established in Material Control of intermediate 
maintenance activities. This screening unit 
does the following: 

1. Positively identifies material and deter¬ 
mines if it is within the repair capability of the 
Intermediate Maintenance Activity (IMA). 

2. Insures that all required documentation 
is affixed to the component (i. e., logs, records, 
MAF, etc.). 

3. Notifies maintenance control of tjie re¬ 
ceipt of defective components for scheduling 
into the IMA.. 

4. Transfers the defective components to 
the appropriate work center when directed by 
maintenance control. 

' All components received in the IMA mate¬ 
rial control receive screening to determine if 
the item is within the check, test, or repair 
capability of the IMA. As a result of this 
screening, components requiring maintenance 
within the IMA capability are reported to main¬ 
tenance control as ready for induction. Items 
beyond IMA capabilities are returned to the 
Supply Support Center with appropriate recom¬ 
mendations for disposition. When work on com¬ 
ponents in the IMA- has been completed, the 
components, together with required records, 
are returned to Material Control for appropri¬ 
ate routing. 

Organizational Level 

In addition tpthe general functions, Material 
Control in organizational level activities is 
responsible for the following: 

1. Verification of NORS (Not Operationally 
Ready Supply) requisitions and maintain current 
NORS status records. 

2. Inventory of aircraft upon receipt and 
transfer and maintenance of inventory records. 

When removed components are generated as 
a result of the maintenance effort, Material 
Control insures that the SSC is notified to make 
a pickup. These components must be accom¬ 
panied by record cards and logs, when appli¬ 
cable, plus the number two, three, and four 
copy of the MAF. 

Material Control Register 

The Material Control Register is used by 
intermediate and organizational level activities 


to record all materials requested from the 
supply support center in direct support of 
weapon system maintenance. Space is provided 
to record essential information considered nec¬ 
essary to monitor OPTAR funds. This informa¬ 
tion includes part number, priority, quantity, 
price, date, and time ordered, and date and 
time received. Maintenance control uses the 
time ordered and time received to help deter¬ 
mine NORS time used in fulfulling readiness 
reporting requirements. 

When a defective repairable item is turned 
in, the following forms are required: copies 
two, three, and four of the multicopy MAF and 
the Accessory and Component Service Record 
(NavWeps Form 13090/29), when applicable. 
The supply department sues copy two of the 
MAF for bookkeeping purposes. Copies three 
and four of the MAF accompany the item to the 
IMA. When repair is completed by the IMA, 
copy four of the MAF is attached to the RFI 
item and the item is returned to the supply 
system. 

If material being turned in is no longer re¬ 
quired and is RFI, a Single Line Item Release/ 
Receipt Document (DDD 1348-1) is submitted 
with the item. RFI means ready for issue in 
all respects-preservation still intact and item 
in original or reusable container with seals 
unbroken. 

MILSTRIP 

The Military Standard Requisitioning and 
Issue Procedure (MILSTRIP) and Uniform Ma¬ 
terial Issue Priority System were developed by 
the Department of Defense to provide a common 
supply language and more effective supply sys¬ 
tem operations within the military establish¬ 
ment. This system standardizes forms, 
formats, codes, procedures, and the priority 
system. 

MILSTRIP employs two forms for the re¬ 
quisitioning and issuing of material. The Single 
Line Item Requisition Document (Form DD 1348) 
is the basic request document submitted to the 
applicable supply echelon for material require¬ 
ments. The issue document is the Single Line 
Item Release/Receipt Document (Form DD 
1348-1). Form DD 1348-1 is also used to re¬ 
turn RFI material to the supply system. These 
forms will be prepared by the Supply Response 
Section of supply for all material requested in 
direct support of weapon system maintenance 
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and by the Material Control for material re¬ 
quested in indirect support of weapon system 
maintenance. 

Uniform Material Movement and 
Issue Priority System (UMMIPS) 

In this system, the priority designator is 
determined by a combination of factors which 
relate the military importance of the requisi- 
tioner (force/activity designator) and the ur¬ 
gency of need or end use (indicated by an ur- 
gency-of-need designator). The force/activity 
designator (a roman numeral I-V) is assigned 
by the Joint Chiefs of Staff (JCS), Chief of 
Naval Operations (CNO), and Navy commanders. 
The urgency-of-need designator (an alphabeti¬ 
cal letter) is determined by the requisitioning 
activity, with certain exceptions. These two 
factors will enable the requisitioning activity 
to determine the UMMIPS priority designator 
(arabic numeral). 

The twenty priority designators provided in 
UMMIPS have been placed into four priority 
groups. Each priority group qualifies for dif¬ 
ferent processing time standards as prescribed 
in table 17-1. These priority groups are com¬ 
patible with the transportation priorities pre¬ 
scribed in the Military Standard Transportation 
and Movement Procedures (MILSTAMP). 

1. Force/activity designators, 

a. A force/activity is: 

(1) A unit, organization, or instal¬ 
lation performing a function or mission. 

(2) A body of troops, ships, or air¬ 
craft, or a combination thereof. 

(3) A function, mission, project, or 
program, including those under military assis¬ 
tance (grant aid and/or sales). 

2. Selection and assignment of issue prior¬ 
ity designators for requisition and issue trans¬ 
actions. 

a. All requests for material normally 
stocked in a supply system will be assigned an 
issue priority designator. The issue priority 
designator normally expresses the relationship 
between the force/activity designator and the 
urgency-of-need designator. However, there 
are certain exceptions and unusual circum¬ 
stances under which a requisitioning activity is 
authorized to assign a specific numerical pri¬ 
ority designator that represents a uniform need 
for an item regardless of the force/activity 


designator assigned. These exceptions are as 
follows: 

(1) A priority designator of 03 will 
be used by all activities regardless of force/ 
activity designator in requisitioning high value 
items required for immediate use; i. e., where 
urgency-of-need designators A or B are indi¬ 
cated. 

(2) A priority designator of 03 will 
be used by all activities, regardless of force/ 
activity designator, for medical or disaster 
supplies or equipment required immediately 
for prolonging life in case of critical injury, 
fatal disease, or natural emergency. 

(3) A priority designator of 06 will 
be used by all activities, regardless of force/ 
activity designator for the replenishment of 
high value items. 

(4) A priority designator of 06 will 
be used by all activities regardless of force/ 
activity designator, for individual and organi¬ 
zational clothing required to provide a minimum 
of essential clothing in the event active duty 
military personnel are without the clothing re¬ 
quired. 

b. Except for conditions referenced 
above, the requisitioner will: 

(1) Select the applicable urgency-of- 
need designator for each requisition or order. 

(2) Ascertain the appropriate issue 
priority designator for the force/activity desig¬ 
nator assigned the requisitioning activity and 
the applicable urgency-of-need code, and enter 
this number on the material requirement docu¬ 
ment (NAVSTRIP requisition). 

c. Supply activities, when requisition¬ 
ing a specific requirement for a supported unit 
with a different force/activity designator than 
the supplying activity, will use the priority 
designator appropriate to the requiring activity. 

3. Every activity is assigned 1 of 5 force/ 
activity designations according to their military 
importance. (See table 17-2). These designa¬ 
tors are as follows: 

I - COMBAT-The highest order of military 
importance. This designator is not normally 
used in peacetime unless approved by the Pres¬ 
ident or the Joint Chiefs of Staff. 

II - POSITIONED-United States combat, 
combat ready, and direct combat support forces 
deployed outside CONUS in specific theaters or 
areas designated by the Joint Chiefs of Staff 
and those CONUS forces being maintained in a 
state of combat readiness for immediate (within 
24 hours) deployment or employment. 


516 


Digitized by 


Google 



Chapter 17-AVIATION SUPPLY 


Table 17-2. -Priority number chart. 



A 

B 

C 

D 

Designator 

Unable 

to 

perform 

Impairs j 
capability i 

Other 

than 

routine 

Routine 

I 

Combat 

1 

4 

11 

16 

II 

Positioned 

2 

5 

12 

17 

HI 

Ready 

3 

6 

13 

18 

IV 

Reserve 

and 

support 

7 

9 

14 

19 

V 

Others 

8 

10 

15 

20 


HI - READY-All other United States combat 
ready and direct combat support forces outside 
CONUS not included under designator II. 

IV - RESERVE AND SUPPORT-U. S. active 
and selected reserve forces planned for em¬ 
ployment in support of approved joint war plans. 
This category includes training units and units 
in training for scheduled deployment. 

V - OTHERS-All units not otherwise as¬ 
signed, including administrative/staff type 
units. 

4. The urgency of need for an aircraft spare 
part or aeronautical material may be deter¬ 
mined in accordance with the following designa¬ 
tors (A, B, C, andD): 

A - Emergency requirements for primary weap¬ 
ons, equipment, and material for im¬ 
mediate use without which the unit con¬ 
cerned is unable to perform assigned 
operational missions (NORS), or such 
condition of readiness is imminent. (See 
notes 1 and 2.) 

Material required for immediate installa¬ 
tion on or repair of primary weapons 
and equipment, without which the unit 
concerned is unable to perform assigned 
operational missions (NORS), or such 
condition of readiness is imminent. (See 
notes 1 and 2.) 


Items required for immediate end use in 
direct support of equipment essential to 
the operation of aircraft and equipment 
(e.g., ground support, firefighting, etc.), 
or such condition of readiness is immi¬ 
nent. (See notes 1 and 2.) 

B - Item(s) required for immediate end use, 
the lack of which is impairing the opera¬ 
tional capability of the aircraft or or¬ 
ganizational unit concerned. The air¬ 
craft or organizational unit concerned 
can operate only temporarily as an ef¬ 
fective unit; assigned operational mis¬ 
sions can be accomplished, but with 
decreased effectiveness and efficiency. 

Item(s) required for immediate end use to 
effect repairs to aircraft and aircraft 
support equipment, without which the 
operational capability of the aircraft is 
impaired or effectiveness in accomplish¬ 
ing assigned missions is reduced. 

Item(s) required to effect emergency repair 
or replacement of intermediate main¬ 
tenance activity equipment essential to 
providing services for aircraft and air¬ 
craft equipment. 

C - Items required for immediate end use to 
repair or replace administrative support 
equipment and equipment or systems not 
essential to operational missions of air¬ 
craft or organizational units. 

Items essential to initial outfitting or to 
completion of allowance/load lists on a 
more urgent basis than routine stock re¬ 
plenishment. 

Material required to preclude a work stop¬ 
page or prevent delay in scheduled main¬ 
tenance of weapons systems or major 
equipment. 

D - Items required for routine stock replenish¬ 
ment. 

Items required for initial outfitting and 
filling of allowances. 

Items required for scheduling maintenance, 
repair, or manufacture of supply sys¬ 
tem stocks. 

NOTE 1: Requirements of this nature are 
of such a consequence as to require a report to 
higher authority of a degradation of the requi¬ 
sitioning units capability. 

NOTE 2: An imminent condition of degraded 
readiness exists when material is required to 
prevent an Anticipated Not Operationally Ready 
Supply (ANORS) condition. An ANORS condition 
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will exist when it is known that items of ma¬ 
terial or equipment, not available in the unit, 
are required within the following time frames: 

a. Five (5) days for nondeployed units. 

b. Seven (7) days for deployment units. 

c. Fifteen (15) days for Vietnam re¬ 
quirements. 

PARTS KITS 

Parts kits contain supporting items and ma¬ 
terial for the maintenance, repair, and rework 
of selected aeronautical repairable type items 
and will be procured, stocked, requisitioned, 
accounted for, and used on a kit basis as one 
line item. 

A parts kit consists of a group of mainte¬ 
nance or overhaul parts that are bought, pack¬ 
aged, and stocklisted as a single item regard¬ 
less of classification that may be included 
therein. Normally, these parts have either a 
very low unit cost or have a high replacement 
rate in overhaul or repair of the next higher 
assembly. Depending on the complexity of the 
end item, there can be one or more kits needed 
for its repair. Parts kits are designed to serve 
three separate requirements as described in 
the following paragraphs. 

C KIT (CURE-DATED OR SOFT GOODS). 
This kit provides cure-dated items such as di¬ 
aphragms, packing, and O-rings. The C kit 
may also contain soft goods not subjected to age 
control such as gaskets and seals, plus metallic 
items such as screws, nuts, and washers re¬ 
quired to be removed when cure-dated or soft 
goods type materials are replaced. Any metal¬ 
lic item placed in the C kit is not duplicated in 
the D kit. When mixed categories or cure- 
dated parts are packaged in a single container, 
the control or cure-date of the package must 
be that of the oldest cure-dated part contained 
therein. If cure-dated kits become overaged 
due to the expiration of the storage limitations, 
the kit must be administratively disposed of as 
excess material. 

D KIT (OVERHAUL). This kit provides hard 
good spare parts required for overhaul of equip¬ 
ment by depot level maintenance. This kit does 
not contain cure-dated parts. 

F KIT (FIELD). This kit pr ovide s those 
items that are required to be replaced at inter¬ 
mediate and organizational maintenance levels. 
These parts are normally items not requiring 
special tools or equipment. This kit does not 
contain cure-dated parts. 


Part numbers for applicable parts kits for 
intermediate and organizational levels of main¬ 
tenance are listed in the Illustrated Parts 
Breakdown and the Maintenance Instructions 
Manual. Components of kits are additionally 
identified in the Illustrated Parts Breakdown 
by a footnote and a symbol appearing to the 
right in the part number column and indicating 
which items are furnished in the kit. The 
Maintenance Instructions Manual utilizes a 
symbol keyed to the illustration to indicate 
parts furnished in the kit. 

Presence of a new part in an applicable 
parts kit eliminates the necessity of cleaning, 
inspection, or rework of the equivalent part 
removed from the assembly being repaired. 
Removed parts in this category must be ad¬ 
ministratively condemned. Removed parts not 
supplied in applicable kits must be handled in 
accordance with instructions contained in the 
Maintenance Instructions Manuals. 

Detailed instructions on parts kits are con¬ 
tained in BuWeps Instruction 4423. 2. 

PREEXPENDED BINS 

A preexpended bin is one which contains low 
cost, high usage items which have already been 
charged to final expenditure. Many items of 
small dollar value are used repetitively in the 
aircraft maintenance program. The accepted 
practice is to stock these repetitively used items 
in the immediate maintenance area in a semi- 
controlled preexpended bin. Preexpended bins 
are normally established by the supply depart¬ 
ment in consort with the maintenance activity 
and are labeled, stocked, and replenished by 
the supply department. The normal responsi¬ 
bilities of maintenance personnel in this are: 

1. Recommending items to be stocked. 

2. Supervising the use of the bins to pre¬ 
vent waste, pilferage, and deterioration of the 
contents to a scrap heap. 

3. Insuring that preexpended bins are sep¬ 
arate and distinct from the normal "salvage" 
boxes located in most shops. 

Preexpended bins provide repetitively used 
items to maintenance personnel with the mini¬ 
mum of effort. The material is immediately 
available to all shop personnel. The bins also 
provide the supply department with a constant 
and realistic demand history. 

Nonstandard and/or Navy manufactured 
items may at times be required. These are 
normally obtained through the normal supply 
channels as outlined in local directives. 
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Manufactured items are those items which 
are source coded in the M series in applicable 
illustrated parts breakdown lists. Request 
documents submitted for manufactured items 
should contain additional reference data such 
as, part number, drawing number, and publi¬ 
cation reference, or any other information which 
would be advantageous in the acquisition of the 
material. 

Nonstandard material (material requiring 
open purchase) may not be procured when 
standard stock items are available except when 
the nonstandard material is considered to be 
indispensable. When the procurehient of non¬ 
standard material is considered essential, the 
originating request document must contain the 
following information: 

1. A certification that no standard stock 
material is suitable. 

2. A justification for the procurement of 
the nonstandard material. 

ROTATABLE POOLS 

Rotatable pools consist of a range of selected 
components maintained by a specific mainte¬ 
nance activity, on custody from the supporting 
supply department. The items generally car¬ 
ried in the pool are those required to sustain 
operations where immediate availability is es¬ 
sential. Aircraft wheels, tires, avionics as- 
semblies, propellers, and carburetors are 
examples of items that might be included in the 
pools. The range and quantity of items to be 
carried in the pool are subject to the recom¬ 
mendations of the maintenance activities. The 
supply department establishes the rotatable 
pool stock and prescribes detailed procedures 
for operation and control of the pool. 

ACCOUNTING FOR MATERIAL IN USE 

Accounting for material does not cease when 
it is withdrawn from the supply department. It 
is at this point that the accounting responsibility 
passes to the applicable maintenance personnel. 

AIRCRAFT PARTS 

Normally, the accounting for aircraft parts 
drawn to replace similar defective parts is sat¬ 
isfied when the part is installed on the aircraft. 
No further custodial records are required. 
The accounting for materials drawn for general 
maintenance is satisfied when the material is 
consumed in the authorized maintenance work. 


In these cases it is actually the removed defec¬ 
tive material that required additional action to 
insure its accountability from the time it is re¬ 
moved until it is returned to the supply depart¬ 
ment. 

The degree of accountability required for 
aeronautical material may be ascertained by 
the material accountability recoverability codes 
(MARC). Material accountability recoverability 
codes are a part of the source, maintenance, 
and recoverability codes which are assigned 
provisioned items as required by current ASO 
and BuWeps/NavAir directives. The MARC’s 
appear in the descriptive sections and parts 
lists sections of the ASO Navy Stock List, 
NavAir Allowance Lists, and may appear in 
such other publications as directed by NavAir- 
SysCom. These codes aid personnel to deter¬ 
mine the proper method of: 

1. Requisitioning material. 

2. Accounting for material while in use. 

3. Turn-in or disposition of material. 

4. Repair or overhaul of material. 

The following list defines the various ma¬ 
terial accountability codes. 

B - Exchange Consumables. Code B is applied 
to items which are consumable or expend¬ 
able but normally require item-for-item 
exchange for replacement. Such items may 
contain precious metals, may be highly 
pilferable, or may be high cost items. 

C - Consumables. Code C is applied to all 
other consumable or expendable items which 
do not require item-for-item exchange for 
replacement. 

D - Equipage, Support Type. Code D is applied 
to end items of support equipment which 
are economical and practical to repair on 
a scheduled basis through a major rework 
activity. Code D items are maintained on 
a custodial basis and normally require 
item-for-item exchange for replacement. 

E - Equipage, Locally Repairable, Support 
Type. Code E is applied to end items of 
support equipment which are to be repaired 
locally by the using or fleet support activity 
within their assigned maintenance respon¬ 
sibility. Code E items are maintained on a 
custody basis and normally require item- 
for-item exchange for replacement. 
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R - Equipage. Code R is applied to repairable 
(except end items of support equipment) 
items which are economical and practical 
to repair on a programed basis through a 
major rework activity. Code R items are 
maintained on a custody basis in some 
cases, depending upon the use of the item. 
These items normally require item-for- 
item exchange for replacement. 

L - Equipage, Locally Repairable. Code L is 
applied to repairable (except end items of 
support equipment) items which are to be 
repaired locally by the using or fleet sup¬ 
port activity within their assigned mainte¬ 
nance responsibility. Code L items are 
maintained on a custody basis in some 
cases, depending on the use of the item. 
They will normally require item-for-item 
exchange for replacement. 

Some allowance lists may still be in use 
which utilize a different accountability code 
system than MARC. The following equivalents 
may apply, pending issuance of new publications 
using the latest material accountability recover¬ 
ability codes: 


MARC 

INTERIM 

OLD 

D 

A 

A 

D 

O 

A 

D 

E 

AX 

R 

R 

X 

B 

D 

NONE 

C 

C 

C 

E 

NONE 

NONE 

L 

NONE 

NONE 


As is apparent upon reviewing the material 
accountability recoverability codes, the dis¬ 
position of defective material is largely de¬ 
pendent upon its potential repair ability. Codes 
D, E, R, and L signify that the tiem is repair¬ 
able and is required to be returned to the sup¬ 
ply system even though it is not RFI. The need 
for the expeditious handling of prospective re¬ 
pairable material cannot be overemphasized. 
The repair program is the prime source of 
supply for many critical high value items. Code 
C items are normally consumed or are not of a 
repairable nature and do not require turn-in if 
non-RFI. 


An aeronautical material screening unit is 
established by all activities assigned the re¬ 
sponsibility to perform intermediate level main¬ 
tenance. The basic responsibility of the screen¬ 
ing unit is to screen all defective aeronautical 
matieral generated on the station by tenant 
squadrons and station operating units prior to 
further processing of the material by the supply 
system or higher echelons of maintenance. The 
screening unit determines if such material is 
within the repair responsibility of local inter¬ 
mediate maintenance activities and, if so, in- 
tiates action to effect its local repair. 

Normally, the following sequence of events 
should be followed in the repair of aeronautical 
material: 

1. The using activity should repair the de¬ 
fective item without removal from the aircraft. 

2. The using activity should remove the de¬ 
fective item from the aircraft, check, test, and 
repair it within their assigned responsibilities 
and replace it on the aircraft. 

3. In the event the item requires repair and 
the time involved is excessive from the opera¬ 
tional or readiness point of view, the using ac¬ 
tivity may draw a replacement item from sup¬ 
ply. The defective item should be forwarded to 
the supporting intermediate maintenance activ¬ 
ity's screening unit. 

4. This screening unit determines if the 
item is within the repair responsibility of the 
intermediate maintenance activity, and, if so, 
the item is repaired and forwarded to supply as 
RFI. If not, the item is forwarded to supply as 
prospective repairable material. 

AIRCRAFT MAINTENANCE 
SUPPORT EQUIPMENT 

Developing and supervising proper proce¬ 
dures to insure the maintenance and account¬ 
ability of aircraft maintenance support equip¬ 
ment (AMSE) is normally a prime administra¬ 
tive function of the senior technician. Unlike 
most aircraft parts, AMSE requires the main¬ 
tenance of custodial records and periodic physi¬ 
cal inventories throughout its in-use life. 

Aircraft maintenance support equipment as 
discussed in this chapter applies to all account¬ 
able type support equipment listed in NavAir 
Allowance Lists, Section "G," "O," "R 5, " 
"T," and "TBA's." Accountable AMSE items 
are those assigned material accountability re¬ 
coverability codes "D" and "E". These items 
are assigned material control code X which 
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appears as part of the federal stock number 
identification. 

Because stocks of AMSE are so limited, is¬ 
sues are strictly controlled to insure proper 
program support. After initial outfitting, AMSE 
items are issued on an item-for-item exchange 
basis. When an AMSE item is lost, missing, or 
beyond economical repair, and replacement is 
required, approval of the replacement item is 
granted only when accompanied by a copy of the 
survey document. Aircraft maintenance support 
equipment is issued by the supply activity to the 
end user only upon approval by the following: 

1. The cognizant type commander or his 
designated representative for fleet and training 
command activities. 

2. The cognizant NavAirSysComRep for 
Naval Air Rework Facilities and shore 
activities. 

3. ASO for special programs, bailment 
programs, military aid programs (MAP), etc. 

Aircraft maintenance support equipment in¬ 
cludes such items as test stands, lubricating 
guns, special wrenches, drills, compass 
testers, and voltmeters as listed in the Allow¬ 
ance Lists mentioned above. These equipments 
are made available as organizational property 
or custody/subcustody from supporting station/ 
squadron/vessel dependent upon the character¬ 
istics of the equipment and the assigned main¬ 
tenance, operational, and/or logistics respon¬ 
sibilities. Except for vessels, equipments re¬ 
quired are authorized through the application of 
appropriate allowance lists as shown in enclo¬ 
sure (2) to BuWeps Instructions 04700.3. This 
enclosure consists of an allowance list appli¬ 
cability chart (ALAC) for each activity of the 
naval shore establishment indicating the equip¬ 
ment by allowance list category authorized to 
specific activities. Actual equipment authorized 
for naval vessels may be determined from Bu¬ 
Weps Instruction 4423. 3 (Series). 

Under the aircraft maintenance material 
readiness list (AMMRL) program all applicable 
intermediate and/or organizational maintenance 

support equipment listed in the various allow¬ 
ance lists are consolidated into one individual 
material readiness list (IMRL) for each air¬ 
craft maintenance activity. Each IMRL is ap¬ 
proved by the cognizant fleet or training com¬ 
mand and is used as the firm mandatory material 
readiness list of the activity to which the list 
applies. 

All aircraft maintenance support equipment 
must receive continued accountability while in 
use. The activity having prime custody of the 


support equipment is considered to be the ac- 
countable activity. Equipment furnished as 
organizational property is accountable activity. 
Equipment furnished as organizational property 
is accounted for by the holder of such equipment. 
Equipment furnished or received on subcustody 
is accounted for by the supporting activity. 

The department head is held responsible for 
the maintenance support equipment in his de¬ 
partment. Senior Petty Officers normally are 
required to receipt on subcustody for all the 
AMSE in their shops. Periodic inventories are 
required to ascertain if material for which you 
are responsible is actually on hand. Material 
which cannot be accounted for must be surveyed. 

An annual inventory of in-use aircraft main¬ 
tenance support equipment is required to pro¬ 
vide ASO and Naval Air Systems Command with 
an accurate assessment of the quantity and con¬ 
dition of this support equipment in the posses¬ 
sion of custodians in order that sound decisions 
can be made concerning the procurement of new 
and replacement equipment. Type commanders 
or the NavAirSysComRep forwards to all activ¬ 
ities having reportable items of support equip¬ 
ment a deck of EAM cards and/or an EAM 
listing indicating those items of support equip¬ 
ment requiring inventory. Care should be taken 
to insure that items held or issued on a custody 
basis are reported only by the controlling 
custodian. 

Transaction reporting of selected AMSE 
items is sometimes required. Type command¬ 
ers or the NavAirSysComRep selects the items 
of AMSE desired to be reported on a transaction 
basis and publish appropriate instructions for 
reporting. Upon receipt or transfer of an 
item of AMSE (subject to transaction reporting) 
on a permanent basis, or when the condition or 
status of equipment changes, activities are re¬ 
quired to submit a transaction report. 


HIGH VALUE ASSET 
CONTROL SYSTEM 

The high value asset control system (HIVAC) 
is the result of SecNav Instruction P4440.29 
(Series). This instruction prescribes a Navy¬ 
wide high value item management program. 
The purpose of the program is to achieve in¬ 
ventory economies without impairing combat 
readiness. In the past the military services 
have been critized for management deficiencies 
which led to accumulation of costly excess 
stocks. 
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The need for specialized, intensive manage¬ 
ment attention to a relatively small percentage 
of items can be bett .r understood when con¬ 
sidering the ever-increasing costs of weapon 
system and the increase in the costs of the 
major supporting spares and components for 
these systems. These costs have had an im¬ 
pact on the national economy approaching that 
of military expenditures of World War n. 

By using the best techniques in the manage¬ 
ment of high value items, which represents 
approximately 40 percent of the annual pro¬ 
curement dollar expenditure, inventories and 
procurement investments can be reduced con¬ 
siderably and still maintain an acceptable level 
of readiness. 

High value items, as described in BuSandA 
Instruction 4440.105 (Series), are identified 
by a specific material control (fraction) code 
on all supply documents as follows: Repairable 
items with a unit cost of $1,000 or more are 
assigned Material Code "G. " Consumable items 
with a unit cost of $1,000 or more are assigned 
Material Code "J." There are control codes 
assigned to items other than those mentioned, 
but these two require worldwide movement 
accounting. 

Although the technician is not directly in¬ 
volved in the program, he is involved at fleet 
level in that some of these items will be installed 
in aircraft or held in rotatable pools for which 
he may be required to assume responsibility. 
The major responsibility of fleet personnel is 
supply discipline, since supply discipline in the 
fleet is an especially critical aspect of the high 
value program. This is because of the greater 
difficulty of maintaining accountability under 
the pressure of operating conditions. Also, 
prompt action on the part of fleet personnel to 
expedite handling of high value items is essen¬ 
tial to the program. For complete and detailed 
information concerning the HIVAC system, refer 
to the instructions prf lously mentioned in this 
section. 

SURVEYING ACCOUNT¬ 
ABLE MATERIAL 

When property must be reevaluated or ex¬ 
pended from the records due to loss, damage, 
deterioration, or normal wear, a survey must 
be made to obtain proper authority to write 
this material off the books. The survey request 
provides a record showing the cause, condition, 
responsibility, recommendation for disposition, 
and authority to expend material from the rec¬ 


ords. Think of a survey as being an adminis¬ 
trative examination into the cause of material 
being lost to use. Figure 17-2 shows the stand¬ 
ard survey form that is used when a survey is 
made. 

A survey may be either informal or formal, 
depending on the circumstances. 

A formal survey is required for those classes 
of materials or articles so designated by the 
bureaus, commands, of offices concerned, or 
when specificaUy directed by the commanding 
officer. A formal survey is made by either a 
commissioned officer or a board of three of¬ 
ficers. At least one of the board members must 
be a commissioned officer. The commanding 
officier appoints those who serve on the survey. 
Neither commanding officer, the officer on 
whose records the material being surveyed is 
carried, nor the officer charged with the cus¬ 
tody of the material being surveyed, may serve 
on a survey board. 

An informal survey is made by the head of 
the department having custody of the material 
to be surveyed. Informal surveys are used in 
all cases when a formal survey is not required 
or directed by the commanding officer. 

Preparation of Request for Survey 

You will not have the responsibility of pre¬ 
paring final survey forms; however, as a first 
class or chief, you are apt to be required to 
provide your division officer with certain in¬ 
formation when he is making a survey. Because 
of this, you should be familiar with the general 
procedures that are followed. 

A request for survey may be originated by 
a department, division, or section head or a 
designated subordinate as prescribed by local 
regulations. Normally, requests for survey are 
originated in the department having custody of 
the material being surveyed. The initial survey 
request is made on a rough copy of S. and A. 
Form 154. A statement by the originator is 
placed on or attached to the request for survey 
relative to the condition of material; cause of 
condition surrounding the loss, damage, deter¬ 
ioration, or obsolescence of material; respon¬ 
sibility for cause or condition of material or 
reason why responsibility cannot be determined; 
and recommended disposition of material or 
action to be taken. 

Upon receipt of the rough copy, the desig¬ 
nated group or section prepares a sufficient 
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Chapter 17-AVIATION SUPPLY 


SURVEY REQUEST, REPORT AND EXPENDITURE 

MV. J. AMO A. FOU 154 (BY. 1-51) 


FIGHTER SQUADRON NINETY-SIX (VF-96) 
FPO, SAN FRANCISCO, 96601 


2 June 1968 


ORIGINATOR (Stpocrfur* ond litb) 

CiJ 

E.W. UPTEGROVE, ENS, AVIONICS OFFICER, USN 


FILLED IN BY OFFICER 
COMPETING EXPENDI¬ 
TURE PORTION 


REQUEST FOR SURVEY 




2RG1430-776-0729-MANN, ANTENNA ASSY., AS940/APO-72 
P/N 702R468G01, serial no. APB 104 




10,95000 $10,950.00 SIGNED BY RESPONSIBLE 

OFFICER OF DEPARTMENT 

. . IN WHICH MATERIAL 

J10,950.0O IS LOCATED 


ACCOUNT IN WHICH CARRICO (APA. NSA. •*. <y nonilvi) lOTHCR OATA (Sowt*. do* of <■ 


Nonstores 


Rec. 2-25-68 



SURVEY REPORT AND RECOMMENDATION 


Item 1. CONDITION: 


RESPONSIBILITY: 


RECOMMENDATION: 


Damaged beyond economical repair 

Damaged by anti-aircraft fire in combat zone 


Expend from records. Turn in to supply for 
screening and possible salvage of parts. 


SIGNED BY C.O. OR OFFICER 
DELEGATED BY C.O. TO 
INITIATE SURVEY AND 
REVIEW REPORT OF SURVEY 



COMPLETED BY SUPPLY 
OFFICER RESPONSIBLE 
FOR DISPOSITION AND 
EXPENDITURE 


Figure 17-2.-Survey Request, Report, and Expediture (S. and A. Form 154). 
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number of smooth copies of the request for 
distribution in accordance with local regulations. 
The smooth survey request is filled out down 
to the caption Report. It is then forwarded to 
the commanding officer who will determine 
whether the survey will be formal or informal. 
If formal, the survey request is forwarded to 
the designated surveying officer(s) ;if informal,it 
is forwarded to the head of a department for 
survey action. 


The statement by the originator as to cause, 
condition, etc., is attached to the smooth re¬ 
quest for survey for evaluation by the surveying 
officer(s). After the survey has been completed 
by the head of a department or surveying of- 
ficer(s), it is returned to the commanding officer 
for review and action. After approval by the 
commanding officer, the survey request is for¬ 
warded to the cognizant command for final re¬ 
view and approval when so required. 
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FIRE CONTROL SYMBOLS 

GUNNERY AND ROCKET: 

Symbol 

Definition 

Symbol 

Definition 


Gravity factor of ballistic lead. 

R 

Present range. 

\ge 

Elevation component of gravity 



factor. 

R f 

Future range. 

\,0A 

Azimuth component of gravity 

T 

Indicated temperature. 

factor. 


Time of flight of projectile. 

P 

Antenna position. 

t f L 

Lost time of flight. 

P A 

Antenna position in azimuth. 

V C 

Groundspeed. 

P E 

Antenna position in elevation. 

V 

O 

Average projectile velocity. 

(O 

Angular velocity. 



U A 

Angular velocity in azimuth. 

V 

m 

Muzzle velocity. 

<°E 

Angular velocity in elevation. 

V M 

Missile velocity. 

P S 

Static air pressure. 

V A 

True airspeed. 





Gravity drop factor. 

A 

Total lead angle. 

a a 

Angle of attack. 

A . 

Azimuth component of total lead 



angle. 

A s 

Angle of skid. 


Elevation component of total lead 

a l 

Launcher angle. 


angle. 


Rocket propellant temperature. 

\ 

Ballistic lead angle. 




Preset future range. 

\a 

Azimuth component of ballistic lead 



angle. 

D 

Air density. 

\e 

Elevation component of ballistic 

t 

Time. 


lead angle. 

l/i. 

Inverse time of flight. 

\ 

Kinematic lead angle. 

t 

R 

Range rate. 

\a 

Azimuth component of kinematic 


lead angle. 

E 

Error term. 

\ E 

Elevation component of kinematic 

e r 

Range error term (range coil volt¬ 


lead angle. 

age). 


Windage factor of ballistic lead. 

e e 

Elevation error term (elevation 
coil voltage). 

\wE 

Elevation component of the windage 



factor. 

e a 

Azimuth error term (azimuth coil 
voltage). 

A bWA 

Azimuth component of the windage 



factor. 

e h 

Heading error. 
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GUNNERY AND ROCKET-Continued 

Symbol 

Definition 

Symbol 

Definition 

h v w 

Cross wind. 

e he 

Heading error in elevation. 

R 

Horizontal range. 

e ha 

Heading error in azimuth. 

H r 

Target altitude above sea level. 

e H 

Steering error. 

"a 

Aim point altitude above sea level. 

e HE 

Steering error in elevation. 

H o 

Aircraft altitude above sea level. 

e HA 

Steering error in azimuth. 

H 

Aircraft altitude above aim point. 

a 

Ballistic constant. 

V H 

Vertical velocity. 

c 

Ballistic constant. 

T 

Ballistics. 

T d 

Dome temperature. 

S 

Horizontal offset of target from aim 




point. 

N 

Acceleration. 


Angular position of s vector from 

h 

Ballistic constant (launching factor). 


true north. 

* b 

Rocket burn time. 

p v 

Pitot air pressure. 

y b 

Rocket burnt velocity. 

p s 

Static air pressure. 

V ' 
o 

Velocity of projectile in vacuum. 

T s 

Stagnation temperature. 

* V o 

Decrease in velocity of projectile 

r 

Slant range. 


due to air drag. 

4> 

Elevation angle of line of sight. 

BOMBING: 





Range rate. 

Symbol 

Definition 

V 

Azimuth rate. 

y 

Magnetic variation. 

r 




*o 

Initial horizontal range. 

d 

True heading. 




t 

Time. 


Magnetic heading. 

k 

Drift angle. 

e * 

Relative bearing. 


Initial true bearing. 

V 

True course. 

y 

Nonlinear V_. 

V R 

Relative course. 


V 



r 

Trail (in feet). 


True bearing. 

A 

Change in a quantity when used as a 

V w 

Wind velocity. 


prefix. 

M V W 

Range wind. 


Time of fall. 
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APPENDIX II 

ELECTRONIC SYMBOLS 


RESISTORS: 


—Wv— or — I ri 

GENERAL 


~Vf y ~ 

TAPPED 


ADJUSTABLE 

TAP 


CONTINUOUSLY 

VARIABLE 


NONLINEAR 


INDUCTIVE ( OM PO v i \ 


GENERAL 


■°nnr- 

TAPPED 




ADJUSTABLE OR 

CONTINUOUSLY 

ADJUSTABLE 



MAGNETIC 

CORE 


adjuetable 



SATURABLE 
CORE REACTOR 


CAPACITORS: 


GANGED 


' 1 T 

: TRIMMER 1 

TRANSFORMERS 

r - - -i 
'11 ■ 

LJ 

T 71 f 

L-1 

SHIELDED 

n 

o—o 

GENERAL 


SPLIT-STATOR FEED-THROUGH 



DIFFERENTIAL 


PHASE SHIFT 


MAGNETIC CORE 
TRANSFORMER 


WITH TAPS, 
SINGLE-PHASE 



(WHEN CAPACITOR ELECTRODE IDENTIFI¬ 
CATION IS NECESSARY, THE CURVED ELE¬ 
MENT SHALL REPRESENT THE OUTSIDE 
ELECTRODE IN FIXED PAPER-DIELECTRIC 
AND CERAMIC-DIELECTRIC, THE NEGATIVE 
ELECTRODE IN ELECTROLYTIC CAPACITORS 
THE MOVING ELEMENT IN VARIABLE AND ’ 
ADJUSTABLE CAPACITORS, AND THE LOW 
POTENTIAL ELEMENT IN FEED-THROUGH 
CAPACITORS,) 


PERMANENT MAGNET 
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MICROPHONE 


D= - 



THERMAL ELEMENTS 



THERMAL RELAY WITH 
NORMALLY CLOSED 
CONTACT. 



FLASHER; THERMAL CUTOUT 



—I— QUARTZ CRYSTAL; 

1—1 PIEZOELECTRIC CRYSTAL 





HEATING ELEMENT 


RECTIFIER 


GENERAL 


SEMICONDUCTOR 


NORMAL CURRENT FLOW IS AGAINST THE ARROW 


TEMPERATURE-MEASURING THERMOCOUPLE 
(DISSIMILAR METAL DEVICE) 



FULL WAVE BRIDGE TYPE 


-0- -D> ^ 


TRIANGLE POINTS 
IN DIRECTION OP 
TRANSMISSION 
(SIGNAL PLOW) 


AMPLIFIER WITH 
EXTERNAL 
FEEDBACK PATH 


INPUTS (NONSTANDARD) 


OR 


PATH, TRANSMISSION 


~h 


1 AM PLIFIE R 

' _ | 


•—INEtI _ 1 


CROSSING NOT 
CONNECTED 


JUNCTION CONNECTED 



TWISTED PAIR 




BASIC SYMBOL INDICATES ANY METHOD OF 
AMPLIFICATION EXCEPT THAT OPERATING ON 
THE PRINCIPLE OF ROTATING MACHINERY. 



COAXIAL 


AIR OR SPACE PATH 
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GROUPING OF WIRES IN BUNDLES 


UW. a JJJJJ 



GROUPING OF WIRES IN CABLES 


CABLES 



FIVE- SHIELDED 

CONDUCTOR FIVE-CONDUCTOR 
CABLE CABLE 


-1.J . 

I » ■■ 
i ■ 

" ■ I ■ t 
■ i 

~Y~ 

GROUNDED 

SHIELD 


NUMBER OF CONDUCTORS MAY BE ONE 
OR MORE AS NECESSARY 


SWITCHES 



GENERAL GENERAL 

(SINGLE THROW) (DOUBLE THROW) 


o o/jo 
o oro 

TWO POLE 
DOUBLE THROW 
SWITCH 



KNIFE SWITCH 



o o 



PUSHBUTTON 

(BREAK) 


PUSHBUTTON 
(MAKE) 


o o 

PUSHBUTTON TWO CIRCUIT 



SELECTOR SWITCHES 



GENERAL 


ANY NUMBER OF TRANSMISSION 
PATHS MAY BE SHOWN. ALSO 
BREAK BEFORE MAKE SWITCH. 


MAKE BEFORE 
BREAK 



o 


o 



WAFER, TYPICAL 3-POLE, 3-CIRCUIT 
SWITCH. VIEWED FROM END OPPOSITE 
CONTROL KNOB. FOR MORE .THAN ONE 
SECTION, #1 IS NEAREST CONTROL 
KNOB. 


CIRCUIT RETURNS 


CHASSIS CONNECTION 



(THE CHASSIS OR 
FRAME IS NOT 
NECESSARILY AT 
GROUND POTENTIAL.) 


GROUND 


CONTACTS (ELECTRICAL) 


o 

SWITCH 


MOMENTARY 

SWITCH 


O— V 

LOCKING 


NONLOCKING 



FOR JACK, KEY, 
RELAY, ETC. 
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CONTACTS (Mil TT<K A 1.) (Cont murd) 


I I T ( T RON I UPF.S 


CONTACT ASSEMBLIES 


COMPONENT TUBE SYMBOLS 



CLOSED CONTACT 
(BREAK) 



o— 

4 . 

OPEN CONTACT 
(MAKE) 


MAKE BEFORE 
BREAK 


n*. =k±± 

time sequence CLOSING I 



MALE FEMALE 

(PIN CONTACT) (SOCKET CONTACT) 



ENGAGED 


(PIN-TO-SOCKET) 

tt izrQ 

COAXIAL COAXIAL CONNECTORS 

(MALE) MATED 



COAXIAL CONNECTED 
TO SINGLE CONDUCTOR 

THE CONNECTOR SYMBOL IS NOT AN 
ARROWHEAD. IT IS LARGER AND THE LINES 
ARE DRAWN AT A 90° ANGLE. 


SPLICE 



CONNECTOR ASSEMBLY (GENERAL) 


/A, 

DIRECTLY-HEATED 
(FILAMENTARY) 
CATHODE 


GRID 


I-I 

INDIRECTLY-HEATED 

CATHODE 


T 


COLD 

CATHODE 


_L 

ANODE OR 
PLATE 


POOL CATHODE 


T 


PHOTOCATHODE 


OCD 

ENVELOPE (SHELL) 


O CD 

GAS FILLED SPLIT ENVELOPE 
ENVELOPE 



TRANSISTORS 


BREAKDOWN DIODE, 
BIDIRECTIONAL 



BREAKDOWN DIODE, 
UNDIRECTIONAL 
(ALSO BACKWARD DIODE) 


PHOTODIODE 
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SEMICONDUCTOR DEVICES: (Continued) 



TUNNEL DIODE 


TYPICAL ELECTRON TUBES 



- 0 - 

COLD CATHODE 

PHOTOTUBE SINGLE 

GAS TUBE 

UNIT, VACUUM 



DIODE 

PENTODE 



TWIN TRIODE DIODE SHCWING BASE 

ILLUSTRATING CONNECTIONS 

ELONGATED ENVELOPE 



WIN TRIODE WITH TAPPED HEATER 


TYPICAL CATHODE RAY TUBES 


MAGNETIC DEFLECTION 



ELECTROSTATIC 

DEFLECTION 



WAVEGUIDES 


CIRCULAR 



+ 

RECTANGULAR 



ROTARY 

JOINT ' 


DIRECTIONAL COUPLERS 


X ^*C© 3odb 


GENERAL E PLANE APERTURE 

COUPLING, 30 DB 
TRANSMISSION LOSS 


COUPLING METHODS 


GENERALLY USED FOR COAXIAL 
AND WAVEGUIDE TRANSMISSION. 

O COUPLING BY APERTURE WITH AN 
W OPENING OF LESS THAN FULL 
WAVEGUIDE SIZE. TYPE OF COU¬ 
PLING WILL BE INDICATED WITHIN 
CIRCLE (E, H, OR HE). 


COUPLING BY LOOP TO SPACE 



COUPLING BY LOOP TO GUIDED 
TRANSMISSION PATH 


h 

COUPLING BY PROBE FROM COAXIAL TO 
RECTANGULAR WAVEGUIDE WITH DIRECT- 
CURRENT GROUNDS CONNECTED 


TYPICAL MAGNETRONS AND KLYSTRONS 
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TYPICAL MAGNETRONS AND KLYSTRONS 

(Cni'.t I nu^ciTf 



TRANSMIT-RECEIVE (TR) TUBE GAS FILLED, 
TUNABLE INTEGRAL CAVITY, APERTURE 
COUPLED, WITH STARTER 


LOGIC FUNCTIONS 


AND FUNCTION 


INPUT 

SIDE 



OUTPUT 

SIDE 


INCLUSIVE OR FUNCTION 



INPUT 

SIDE 



OUTPUT 

SIDE 


EXCLUSIVE OR FUNCTION 


OE 



ROTATING MACHINES 



MOTOR GENERATOR 


TYPES OF WINDINGS 



SEPARATELY DYNAMOTOR 


EXCITED 


FLIP-FLOPS 

LATCH CCMPLBffiNTARY 


FL 


S T 



FF 3 

0 I 


I 0 


1 1 


S-SET T-TRIGGER C-CLEAR 


NEGATION 

0 

ELECTRIC INVERTER 

] O 


WINDING SYMBOLS 

o 

SINGLE-PHASE 


THREE-PHASE 

(WYE) 


<8> 

TWO- PHASE 


© 

THREE-PHASE 

(DELTA) 


TIME DELAY 
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h LiNCTIONS (Continued) 


SYNCHROS (Continued) 


SINGLE SHOT 




TRANSMITTER, RECEIVER, 
OR CONTROL TRANSFORMER 


SOMITr TRIGGER 




DIFFERENTIAL TRANSMITTER 
OR RECEIVER 


OSCILLATOR 



A LETTER COMBINATION FROM THE 
FOLLOWING LIST MAY BE PLACED 
ADJACENT TO THE SYMBOL TO IN¬ 
DICATE THE TYPE OF SYNCHRO: 

TX - TORQUE TRANSMITTER 
TDX - TORQUE DIFFERENTIAL 
TRANSMITTER 

CX - CONTROL TRANSMITTER 
CDX - CONTROL DIFFERENTIAL 
TRANSMITTER 
TR - TOROUE RECEIVER 
CT - CONTROL TRANSFORMER 


RESOLVER (SYNCHRO) 



SINGLY-WOUND ROTOR 



DOUBLY-WOUND ROTOR 

RESOLVER 





SINGLY-WOUND ROTOR 



DOUBLY-WOUND ROTOR 
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PICKUP HEADS 


GENERAL 


WRITING; RECORDING; HEAD, 
SOUND RECORDER 



GENERAL BALANCED 



UNBALANCED 


READING; PLAYBACK; HEAD, 
SOUND REPRODUCER 



APPLICATION: WRITING, READING, 
AND ERASING 



ERASING; ERASER, MAGNETIC 


BATTERIES 


—I* - —I'l 1 — H'-t-Ii- 

ONE CELL MULTICELL TAPPED 

MULTICELL 

(LONG LINE IS ALWAYS POSITIVE) 


ANTENNAS 


GENERAL 



LOOP 


DIPOLE 



(NONSTANDARD) 


CIRCUIT PROTECTORS 


FUSE 




CIRCUIT BREAKERS 





PUSH PULL OR PUSH 



GANGED 


METERS 


A - AMMETER 
CRO - OSCILLOSCOPE 
G - GALVANOMETER 
MA - MILLIAMMETER 
OHM - OHMMETER 
V - VOLTMETER 
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INDEX 


Abrasive conditions, 62 
Absorption, atmospheric, 358 
Accounting, manhour, 26 
Acquisition, 383 

Acquisition phase operation, 386 
Addition: 

binary, 266 
computer, 268 
repetitive, 274 
Adjustments, 52 
Administration division, 18 
Advancement: 

opportunities, 11 
paths of, 3 
preparation, 4 
qualifications, 4 

Aeronautical allowance lists, 510-512 
Aeronautical equipment service record, 30 
AFC search, 399 
AIMD, 14 

AI radar antenna angle, 414 
Airborne moving target indication (AMTI): 
E-scan mode, 233 
principles of operation, 229 
search radar terrain clearance mode, 231 
theory of operation, 229-231 
types, 229 

Aircraft carriers, 15 
Aircraft division, 22 
Aircraft inventory, 131 
Aircraft logbook, 30 

Aircraft maintenance organization, 13, 16 
Aircraft statistical data, 27 
Aircraft status report, 29 
Allotments, (supply), 506 

aviation fleet maintenance, 507 
operation and line maintenance of aircraft, 
507 

AMCS, 369 
Amplifier circuits: 
detector, 222 

IF (intermediate frequency), 222 
video, 224, 225 
AMTI, 228-237 
Analysis division, 18 
Analysis, value, 57 
Analyzing deficiencies, 57 
AN/APA-127, 160 


AN/APA-128, 160 
AN/APN-120, 166 
AN/ASQ - 61A: 

aritmetic unit, 309 
attack data freeze, 300 
attack-navigation panel (RHU), 298 
attack, readouts, 299 
ballistics computer set, 289 
coding, 328 

computer error codes, 296 
control unit, 305 
data readout, 297 
flight navigation mode panel, 290 
functional division, 303 
input unit, 326 
keyboard control panel, 294 
keyboard data insertion, 296 
Manchester recording system, 307 
memory drum, 303 
navigation readouts, 298 
output unit, 326 
programed modes, 301 
programing, 326 
shaft position encoders, 325 
square root operation, 324 
Angle of attack, 378 
Antenna maintenance: 
boresighting, 201, 202 
limits, 201 
lubrication, 202 
system, 421 

Antenna positioning function, 392 
Antennas: 

angular determination, 194 
characteristics, 190 
directional properties, 190 
maintenance, 201 
monopulse techniques, 202 
scan patterns, 192 

time sequential lobe comparison system, 206 
types: 

cosecant-squared, 196-198 
horn, 195 

monopulse, 202-206 
parabolic reflector, 195, 196 
Antenna scan rate, 136 
Antenna system, 404 
Antenna tracking function, 392 
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Appropriations (supply), 506 
AQ rating, 1 
Aritmetic, binary, 266 
Armament control director, 378 
ARO, 383 
ASD-1, 27 
ASD-2, 28 
ASD-3, 28 

Assignment of personnel, 48 
Atmosphere, corrosive, 62 
Atmospheric absorption, 358 
ATR, 121, 138 
Attack display function, 392 
Attack-navigation panel (RHU), AN/ASQ-61A, 
298 

Automatic frequency control (AFC), 225 
Automatic gain control (AGC), 225 
Aviation fire control technician rating, 1 
Aviation ships, 15 
Avionics division, 22 
Azimuth marker circuits, 77, 101 
Azimuth marker oscillator, 101, 102 

Balanced modulator, 160 
Ballistics Computer Set AN/ASQ-61A, 289 
Bandpass (receiver), 209 
Barretters, 364 

Base ten, counting in base two, 264 
Base two and base ten, counting in, 264 
B.C.D., 277 

Beam, cosecant-squared, 196 

Beam rider, 372 

Beam width, 136 

Bends, 113 

Binary: 

addition, 266 
arithmetic, 266 
coded decimal, 277 
coding, 277, 328 
conversions, 265 
counting in base two, 264 
division, 275 
Gray coded wheel, 285 
multiplication, 273 
numbering system, 263 
positional notation, 264 
wheel, 284 

Binary coded decimal, (BCD), 277 
Binary, Gray coded: 
grid, 285 
wheel, 285 
Binary wheel, 284 
Blanking function, 293 
Bolometers, 364 
Bomb director indicator, 247 
Bomb director system: 


computing system, 451-459 
displacement gyro, 459 
optical system, 424-432 
radar system, 433-451 
Bootstrap amplifier, 89, 92 
Boresighting, 201, 202, 421 
Brush encoder problems, 286 
Built-in test, 51 
Bunching, 149 

Calendar inspection, 24 

maintenance procedures, 36 
sequence control charts, 419 
Cavity resonators, 104, 126 
CCF, 27 

Cell, pneumatic, 366 
Changes and bulletins, 49 
Characteristics of TR tubes, 122 
Charging clamp, 89 
Checks, operational, 50 
Chemical corrosion, 67 
Choke joints, 115 
Circuit analysis, transmitter, 157 
Circuits, helix-derived, 184 
coupled-cavity, 185 
filter type, 185 
forward wave, 185 
spatial harmonic, 185 
Circulators, 134 
Cleaning and lubrication, 422 
Cleaning, dry (corrosion), 69 
Coded decimal, binary, 277 
Coded federal stock numbers, 508 
Code, Gray, 279 
Coding (binary), 277 
Coherent master oscillator, 171 
Collimator, 251 
Commissioned officer, 12 
COMO, 171 

Compensating gate generating circuits, 92-96 
Component: 

control section, 513 
location, 55 
repair, 170 

Compression, pulse, 176 
ratio, 179 
Computer: 

addition, 268 
digital, 263 
modulator, 415 
operation, 289 
programs, 289 
set AN/ASQ - 61A, 289 
Computing systems, 405 
Computing system, bomb director: 
bench test and alinement, 458 
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release point data, 456 
stabilizing system, 451 
tracking data, 453 
Conditions, abrasive, 62 
Conical scan, 208 
Control circuits, periscope, 432 
Control, corrosion, 67 

Control, electrical noise interference and, 62 

Conversions (binary to decimal), 265 

Converter circuits, receiver, 212 

Converter, V-scan, 282 

Correcting discrepancies, 52 

Corrector lens, periscope, 426 

Corrosion: 

chemical, 67 
control, 67 
dry cleaning, 69 
electrochemical, 67 
inspection, 69 
prevention, 68 
protective measures, 69 
removal, 69 
salvage procedures, 70 
Corrosive atmosphere, 62 
Cosecant-squared reflector, 196 
Counting in base two and base ten, 264 
Coupled-cavity circuits, 185 
Couplers, directional, 120 
Cross training, 10 
CRT: 

electromagnetic, 241 
electrostatic, 238 
Crystal mixers: 
balanced, 219-222 
single-ended, 217-219 
Crystal shutter, 122 
CW: 

Doppler effect, 374 

operation, 414 

radar set, 377, 412, 423 

Daily aircraft readiness report, 28 
Daily flight report, 27 
Daily inspections, 23 
DD 780-2, 32 

Dead reckoning navigation, 332 
Debriefing flight crews, 50 
Decimal, binary coded, 277 
Defective materials, screening, 53 
Deficiencies, analyzing, 57 
Delay circuits, 76 
Depot maintenance, 14 
Detection, infrared, 355, 362 
Detector and video amplifier, 224 
Detector characteristics (IR), 362 
Development of inspection procedures, 59 


Devices: 

electromechanical, 64 
input, 282 
optical, 286 
switching, 64 
Digital computers, 263 
Directional couplers, 120 
Directional properties, antennas, 190 
Direct view storage tube, (DVST), 250 
Discrepancy: 
correcting, 52 
evaluation, 50 
trends, 56 

Discriminator circuit, 226 
Displacement gyro (bomb director): 
balance adjustments, 462 
block analysis, 459 
cleaning and lubrication, 462 
operational checks, 462 
Display boards, 32 
Displays, wheel, 286 
Division (binary), 275 
Divisions: 

administration, 18 
aircraft, 22 
analysis, 18 
avionics, 22 
line, 22 

production, 19, 21 
quality assurance, 18 
staff, 18, 21 
Doppler: 

effect, 349 
principles, 349 
Doppler and CW effect, 374 
Doppler navigation: 

Doppler effects, 349 
Doppler principles, 349 
Double-mixer system, 226 
Drive system, periscope, 429 
Dry cleaning (corrosion), 69 
Dummy load, 486 
Dup lexer, 160 
ring, 123 
systems, 121 

EAM, 27 

ECCM, 180 

Echo box, 484 

Echo return, 176 

ECM considerations, 180 

ECM deception, 171 

Effects, environmental, 61 

Effects of interference on radar receiver, 63 

Effects, parametric pressure, 62 

Electrical noise interference and control, 62 
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Electrochemical corrosion, 67 
Electromagnetic CRT, 241 
Electromagnetic field, 107 
Electromagnetic spectrum, 355 
Electromechanical devices, 64 
Electron gun, 184 
Electrostatic CRT, 238 
Electrostatic field, 105 
Electrostatic focusing, 189 
Emergency search (AMTI), 236 
limitations, 236 
options, 237 
Emissivity, 355 
Encoder problems, brush, 286 
Encoder, shaft position, 285, 325 
Encoders, optical, 286 
Energy transfer, 184 
Enlisted rating structure, 1 
Environmental effects, 61 
Erector lens, 426 
Errors, monopulse, 206 
E-scan mode, 233 
Evaluating completed MAF’s, 56 
Evaluating discrepancies, 50 
Examination subjects, 11 
Exciting the cavity, 128 
Exciting with a magnetic field, 110 
Exciting with electric fields, 110 
Exciting with electromagnetic fields, 111 
Expansion, pulse, 171 
Extended ranges, 170 
Extremes, temperature, 61 
Eyepiece, periscope, 428 

Faraday rotation, 134 
FDU, 378 

Federal stock numbers, coded, 508 
Ferrites, microwave, 129 
Ferromagnetic resonance, 130 
Fields in a cavity, 127 
Fields in a waveguide, 105 
Filter: 

LIFMOP, 176 
matched, 172 
type circuits, 185 
Flight crew, debriefing, 50 
Flight data unit, 378 

Flight navigation mode panel, AN/ASQ-61A, 290 

Fluid, water-displacing, 70 

Focusing: 

electrostatic, 189 
periodic permanent magnet, 187 
permanent magnet, 187 
solenoid, 186 

Force/activity designators, 516 
Formal training, 46 


Forward-wave circuits, 185 
Fringe effect, 116 
Functions/responsibilities, 14 
Future developments, 189 

General precautions, 418 
Generators, 64 

Generators, single-sideband, 163 
Golay, detector, 366 
Gray code, 279 
Grid, binary Gray coded, 285 
Grounding, 40-42 
Growing-wave concept, 183 
Guidance, methods, 371 
Gun, electron, 184 

Hazards, elimination of, 40-42 
Height finding, 171 
Helix attenuator, 186 
Helix-derived circuits, 184 
Helix, single, 184 

High value asset controls system (HIVAC), 521 
High voltage, 42 

High voltage power supply, 377, 416 
Homing, 372 
Horn type antenna, 195 
Humidity, 61 

IF amplifier, 222 

Illustrated Parts Breakdown, 509, 510 

Indicating system, 405 

Indicator: 

bomb director, 247 
intercept system, 247 
radar, 238 
vertical display, 256 
Inertial navigation, 334 
Inertial navigation system: 
alining, 342 

gyro compassing, 343, 345, 347 
initialization, 342-344 
leveling, 342, 343, 346, 347 
slaving, 342, 343 
Information, sources of, 11 
Infrared detection, 355 
Infrared radiation, 355 
Inherent interference, 63 
Input devices, 282 
Inspecting repairs, 56 
Inspection, 422 

Inspection procedures, development of, 59 
Inspections: 
calendar, 24 
Corrosion, 69 
daily, 24, 48 
postflight, 24 
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preflight, 24 
preliminary, 170 
Intensity gate circuit, 96 
Interaction process, 182 
Intercept system, 390 
indicator, 247 
modes, 390 

Interference in radar systems, sources and con¬ 
trol of, 64 
electrical, 62 
inherent, 63 
manmade, 63 
natural, 62 

Interference on radar receiver, effects of, 63 
Intermediate level activity, 16 
Intermediate maintenance, 14 
Introducing fields into waveguide, 109 
IR, 355 

Isolation of troubles, 51 
Joints, choke, 115 

Keyboard control panel, AN/ASQ-61A, 294 
Kits: 

change, 49 
part, 518 
Klystrons: 

multicavity, 144 
packaged, 144 
performance, 152 
rising sun, 143 
three cavity, 146 
two cavity, 144 

Klystron verses magnetron, 153 
Laws: 

emissivity, 357 
Stefan-Boltzmann, 357 
Wien’s displacement, 357 
LDO, 12 

Leadership and supervision, 9 
Levels of maintenance, 13 
Life of TR tubes, 123 
LIFMOP filter, 176 
Lights, 287 

Line and hangar maintenance, 170 
Line division, 22 
Local oscillator, 212 
Location, component, 55 
Logs and records, 30 
Lubrication and cleaning, 422 
Lubrication, antenna, 202 

MAF, 27 

evaluating completed, 56 
Magic-T, 163 


Magnetron oscillator, 139 
additional features, 142 
mode of oscillation, 142 
principles of operation, 140 
Maintenance: 

component repair, 170 

depot, 14 

intermediate, 14 

line and hangar, 170 

organizational, 13 

Periodic Requirements Manual, 419 

requirement cards, 419 

scheduled, 418 

shop, 170 

Maintenance control informations, 35 
Maintenance data: 

collection system (MDCS), 26 
reporting system (MDR), 27 
Maintenance forms and records, 29 
Maintenance/material control officer, 16, 21 
Maintenance (periscope), 432 
Maintenance (synchronizer): 
corrective, 102, 103 
preventive, 102 
Maintenance, transmitter, 169 
Manchester recording system, 307 
Manhour accounting, 26 
Manmade interference, 63 
Manual, "Quals, ” 4 
Marker mixer circuits, 77 
Marking equipment, 49 
Master trigger multivibrator circuit, 78 
Matched filters, 172 
Matching devices, 117 
Material accounting: 

accountability codes, 519 
aircraft, 519 

high value asset control system, 521 
maintenance support equipment, 520 
surveying accountable material, 522 
Material control officer, 514, 515 
Materials, screening defective, 53 
MDCS, 26 
MDR, 27 
Measurements: 
resistance, 54 
voltage, 53 

Measures, protective (corrosion), 69 
Methods of guidance, 371 
Methods, suppression, 65 
Microwave ferrites, 129 
Microwave transmission, 135 
Military uses of infrared, 367 
MILS TRIP: 

. form DD 1348, 515 
form DD 1348-1, 515 
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Minimum performance testing, 51 
Missile control system, 369 
Missile fire control, 371 
Missile guidance and control, 370 
Mixer tube, klystron, 155 
Mixing chamber (receiver), 212 
Modes of oscillation, 142 
Modular assembly precautions, 55 
Modular units, 55 
Modulator, 377 
balanced, 160 
Monopulse errors, 206 
Monopulse techniques, 202 

Monthly aircraft readiness and flight report, 28 
Motors, 64 
MRC, 419 

Multi cavity klystron, 144 
Multiplication (binary), 273 
Multivibrator timer, 74 

Natural interferences, 62 
NavAir: 

13070/5, 58 
13090/20, 30 
4730/2, 419 

Naval aircraft maintenance program, 13 
Navigation: 

dead reckoning, 332 
Doppler, 349 
inertial, 334 
NavPers: 

1414/1, 7 
10052, 7 
10061, 8 
10740-A, 11 
10993, 12 
18068, 4 

NavSup Publication 2002, Section Vin, Parts C 
and D, 509 
NavWeps 13090, 30 

Navy Maintenance and Material Management 
(3-M), 23 
NEP, 363 

Noise equivalent power, 363 
Nonreciprocal devices, 129 
Notation, positional, 264 
Numbering systems, 263 
Numbers, octal, 281 

Objective lens, 427 

Octal numbers, 281 

Operational checks, 50 

Operation, computer, 289 

Optical devices (IR), 361 

Optical encoders, 286 

Optical system, bomb director, 424 


Organizational level activity, 20 
Organizational maintenance, 13 
Oscillators: 

coherent master, 171 
magnetron, 139 
range marker, 99 

Oscilloscope, Tektronic Type 453, 494-503 
Output devices, 286 

Packaged magnetrons, 144 
Panel, AN/ASQ-61A: 

attack navigation (RHU), 298 
flight navigation mode, 290 
keyboard control, 294 
Parabolic antenna, 195 
Parametric pressure effects, 62 
Parts kits: 

C kit (cure-dated or soft goods), 518 
D kit (overhaul), 518 
F kit (field), 518 
Path of advancement, 3 
Peak power, 136 
Performance records, 51 

Periodic maintenance requirements cards, 419 
Periodic permanent magnet focusing, 187 
Periscope: 

color filters, 427 
control circuits, 432 
corrector lens, 426 
drive system, 429 
erector lens, 426 
eyepiece, 428 
maintenance, 432 
objective lens, 426-427 
optical system, 424 
prism, 427 
reticle, 426 
sighting prism, 426 
trouble analysis, 433 
Permanent magnet focusing, 187 
Perveance, 146 
PFN, 158, 394 

Phantastron delay circuit, 81-85 
Photodetectors, 363 
Planned maintenance system, 23 
PMRM, 26, 419 
Pneumatic cell, 366 
Positional notation, 264 
Postflight inspections, 24 
Post maintenance flight tests, 29 
Power: 

average, 136 
output, 136 

Power supply, high voltage, 155, 416 
Power supply maintenance, 420 
Power supply system, 394 
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Practical factors, record of, 7 
Precautions, general, 418 
Precautions, modular assembly, 55 
Preexpended bins, 518 
PRF, 136 

Preflight inspection, 24 

Prelaunch aiming, 371 

Preliminary inspection, 170 

Preparation (UR), 59 

Pressure effects, parametric, 62 

Pressurization, 422 

Prevention, corrosion, 68 

Principle of operation, magnetron, 140 

Prism, 427 

Problems, brush encoder, 286 
Procedures, salvage (corrosion), 70 
Production division, 19 
Proficiency pay, 11 
Programs, computer, 289 
Protective measures (corrosion), 69 
Publications: 

Aeronautical Allowance Lists, 510 
Illustrated Parts Breakdown, 509 
NavSup 2002, Section Vin, Parts C and D, 
509 

Pulse: 

expansion and compression, 170, 176 
forming network, 138 
repetition frequency, 135 
shape, 135 

Quality assurance division, 18 
"Quals" Manual, 4 

Radar: 

functional operation, 137 
performance factors, 135 
pulse forming network, 138 
transmitter, 137 
Radar indicators, 238 

Radar Navigation Set, AN/APN-122 (V), 351-354 
Radar receivers: 

amplifying circuits, 222 
automatic frequency control, 225 
automatic gain control, 225 
bandpass, 209 
converter circuits, 212 
crystal mixers, 216 
double-mixing system, 226 
j effects of interference, 63 
functional operation, 210 
local oscillator, 221 
i mixing chamber, 212 
modes of operation, 214 
signal to noise ratio, 209 
single-mixer system, 226 


Radar receivers-Continued 
tuning, 210 
Radar set group, 376 
modes, 390 

Radar synchronizers, 72-103 
Radar system, bomb director, 433 
antenna stabilization, 445 
display function, 439 
maintenance, 450 
receiving function, 437 
transmitting function, 434 
Radar systems, sources of interferences in, 64 
Radar Test Set AN/UPM-32, 464-481 
Radar transmitter, 378, 416 
Radiation, infrared, 355 
Radioactive tubes: 
disposal of, 44 
handling broken tubes, 43, 44 
radiological hazards, 43 
tube and container markings, 44 
Range: 

adapter, 378 

calibrator, AN/UPM-109, 487-494 
generating circuits, 97-99 
marker circuits, 76 
marker gate circuit, 96 
marker oscillator, 99 
resolution, 171 
sweep circuits, 76, 85, 391 
trading system, 400 
Ranges, extended, 170 
Rate Training Manuals, 8 
Rating structure, enlisted, 1 
Receiving function, 391 
Receiving maintenance, 421 
Receiving system, 395 
Record: 

practical factors, 7 
performance, 51 
training, 47 

Recording system, Manchester, 307 
Recovery time, 123 
Removal, corrosion, 69 
Repairs: 

and replacements, 52 
inspecting, 56 
Repetitive addition, 274 
Repetitive subtraction, 276 
Replacement: 
repairs and, 52 
tube, 53 

Resistance measurements, 54 
Resolution, range, 171 
Resonance, ferromagnetic, 130 
Resonant cavity, 127 
Resonant frequency of cavities, 128 
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Responsibilities, 9 
Responsivity, 362 
Ring duplexer, 123 
Rising sun, 143 
Rotatable pools, 519 
Rotating the field, 113 

SAF, 27 
Safety: 

elimination of hazards, 40 
grounding, 40-42 
high voltage, 42 
programs, 42, 43 
radioactive tubes, 43, 44 
Salvage procedures (corrosion), 70 
Scan: 

conical, 208 
patterns, 192 
rate, 136 
types of, 246 

Scheduled maintenance, 418 
Scheduling (workload), 48 
Schuler: 
loop, 338 
tuning, 336 

Screening defective materials, 53 
Search operation, 384 

Search radar terrain clearance (SRTC), 231-233 
range coding, 233 
SRTC scaling, 233 
Secondary field wave, 183 
Service function, 393 
Shaft position encoder, 285, 325 
Ships, 15 

Shop maintenance, 170 
Shop organization: 

bench arrangement, 39 
lay out, 38 
safety, 39 
Shore stations, 14 
Sighting prism, 426 
Signal-to-noise ratio, 171, 179, 209 
Single: 

helix, 184 
lobe antenna, 194 
mixer system, 226 
sideband, 160, 163 
Skid system, 378 
Slow-wave structure, 181 
Solenoid focusing, 186 
Sources of information, 11 
Sources of interference in radar systems, 64 
Spatial harmonic circuits, 185 
Special inspection requirements, 420 
Specialized training, 46, 47 
Spectral response, 362 


Spectrum: 

electromagnetic, 355 
generation, 171 
Squadrons, 15 

Squaring and peaking amplifier, 99 
SRTC, 231-233 
Staff divisions, 18 
Standing wave: 
indicator, 484 
measurement, 481 
Stefan-Boltzmann law, 357 
Subtraction (binary), 269 
Subtraction, repetitive, 276 
Supervision and leadership, 9 
Supervision responsibilities: 
assignment of personnel, 48 
care of test equipment, 44 
care of tools, 44 
changes and bulletins, 49 
evaluating procedures, 48 
inspections, 48 
job priority, 47 

marking equipment and recording, 49 
radioactive tubes, 43 
safety, 37 
scheduling, 48 
shop organization, 38 
training of personnel, 45-47 
Supplementary maintenance, 421 
Supply: 

activity, 512 
allotments, 506 
appropriation, 506 
component control, 513 
distribution system, 507 
material identification, 508-512 
organization, 505 
responsibilities, 505 
response section, 513 
screening section, 513 
Suppression methods, 65 
Survey report, preparation, 522-524 
Sweep: 

amplifier, 90-92 
clamp, 89 
gate circuit, 77 
Switches, 134 
Switching devices, 64 
Synchronizer, radar, 72-103 

azimuth marker circuit, 77, 101 
circuit analysis, 78 
compensating gate, 92 
functional operation, 75 
intensity gate, 94 
maintenance, 102 
marker mixer, 77, 102 
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Synchronizer, radar-Continued 
master trigger, 78 
phantastron delay, 81-85 
range marker circuits, 76 
gate, 96 

generating, 97-100 
range sweep, 76, 85-90 
sweep amplifier, 90 
sweep gate, 77 
timer, 74 

trigger and delay circuits, 76 
variable delay circuits, 81 
System maintenance, 420 
Systems, numbering, 263 

Tanks, ultrasonic, 70 
Target velocity, 171 
TCPPI, 235, 236 
TDCF, 27 

Temperature extremes, 61 
Terminating a waveguide, 117 
Terrain clearance-plan position indicator 
(TCPPI), 235, 236 
Test equipment: 
built-in, 51 
dummy load, 486 
echo box, 484 
radar, AN/UPM-32, 464 
range calibrator, AN/UPM-109, 487 
repair and calibrator, 503 
Tektronic Type 453, 494 
Testing, minimum performance, 51 
Thermal detectors, 363 
Thermistors, 364 
Thermocouple, 363 
Three-cavity klystrons, 146 
Time charting, 33 
Time constant, 362 
Timer, multivibrator, 74 

Time sequential lobe comparison system, 206, 
207 

T-junctions, 115 
TR, 121, 138 
Track, 383 

Tracking recorder, 428 
Track operation, 386 
Training: 
formal, 46 
informal, 47 

organizing a program, 45 
records, 47 
specialized, 46, 47 


Transmission characteristics, 357 
Transmission, microwave, 135 
Transmitter circuit analysis, 157 
maintenance, 169 
Transmitting: 
function, 391 
system, 394 

system maintenance, 420 
Traveling wave tubes, 180 
TR box, 116 

Trends, discrepancy, 56 
Trigger circuits, 76 
Troubleshooting, 420 
Troubles, isolation of, 51 
Tube: 

direct view storage, 250 
replacement, 53 
traveling wave, 180 
Two-cavity klystron, 144 
TWT, 180 

Types of scans, 246 
Ultrasonic tanks, 70 

Uniform material movement and issue priority 
system (UMMIPS): 
force/activity designators, 516 
Units, modular, 55 

Unsatisfactory Material/Condition Report, Nav- 
Air Form 13070/5, 58 

Value analysis, 57 
Variable delay circuits, 81 
Velocity, target, 171 
Vertical display indicator, 256 
VIDS, 32 

Visual information display system (VIDS), 32 
Voltage measurements, 53 
V-scan converter, 282 

Warrant officer, 12 
Water-displacing fluid, 70 
Waveform comparison, 54 
Waveguides, 104 
plumbing, 112 
Wave, secondary field, 183 
Wheel: 

binary, 284 

binary Gray coded, 285 
displays, 286 

Wien's displacement law, 357 
Work center information, 35 
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